Some changes in the biochemistry and physiology of mammalian reproduction under the influence of gossypol. by Chung, Kwok-cheong. & Chinese University of Hong Kong Graduate School. Division of Biochemistry.
SOME CHANGES I N THE I BI OCHEM I STRlr' AND
PHYSIOLOGY OF MAMMALIAN REPRODUCTION UNDER
THE INFLUENCE OF GOSSYPOL
A THESIS SUBMITTED TO
THE FACULTY OF THE GRADUATE SCHOOL
THE CHINESE UNIVERSITY OF HONG KONG
I N PARTIAL FULFILMENT










We examined the effect of gossypol on three separate systems
in mouse and rat. The lactate dehydrogenase-x (LDH-X) which is a
key enzyme for the production of energy in the germinal cells,
was once shown to be sensitively inhibited by gossypol. While the
inhibiti on in rat LDH-X is definite, that in mouse LDH-X is
irregular, being more susceptible to inhibition in cell
homogenate but less sensitive to qossypol inhibition in the
purified enzyme.
The sertoli cells to which the developing germinal cells are
tightly associated were shown to be relatively insensitive to
gossypol inhibition. In spite of its resistance to gossypol
inhibition, its lactate production, however, is drastically
reduced by gossypol. This apparently leads to a decline in the
respiratory rate of the sertoli cell-germ cell aggregate.
The rat testis protein carboxyl rnethylation system behaves
differently from that of the moUse. The presence oof gossypol
induces the rnethylation of one of the testis PCN1 activities while
that in the corresponding fraction from mouse generates a
reduuction. This gives rise to some preliminary study of the
process of methylation and leads to a suggestion that this
species specific differential rnethylation may be related to the
effectiveness of applying gossypol for contraceptive use.
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1CHARTER ONE
GENERAL INTRODUCTION
I. GENERAL CONSIDERATION OF MALE CONTRACEPTION:
Due to the huge and rapid growth of world population and the
possible impacts of shortages in food and other resources in the
future, there is an urgent need for the control of world
population by various contraceptive means. In recent years, an
intense interest to develop methods for male contraception has
developed as possible adverse effects associated with the use of
contraceptive pills in the female were reported (Borell, 1971).
This development is further reinforced by an equal sharing of
responsibility for family planning between both partners. Beinq a.
late starter, the field in male contraception is still lagging
behind. No satisfactory oral male contraceptive agents has so
far been promoted (Paulsen, 1977).
In the study of male contraception, the avenues open to
further investigation can be generally subdivided into three main
areas: (A) disruption of sperm formation either by a. direct
action on the testis or by interefering with the hormone milieu
necessary for spermatogenesis, (B) intere-Ference of epididymal
maturation of sperm, and (C) interruption of sperm transport. The
progress as well as the problems in these three main area. will be
discussed below.
A. Disruption of Sperm Formation:
1. Int-erference with the hormone milieu. It is well
7established that both follicle-stimulatinq hormone (FSH) and
1utenizinq hormone (LH) are required for fu11 sperrna togenesis and
that the action of LH is most ikely man if ested bY the
stimulat ion of Lediq cel Is to produce and to maintain high
intratesticular level of testosterone. Corisequentl, nurnerou.s
approaches are avai1ab1e for rood if the pituitar secretion of
these hormones and thereby disruptinq sperma.togenes is.
(a.). Impairment of the action of LH-relea.sinq hormone (LHRH)
on the hypophsis. The LH-RH stimulates the release of both LH
and FSH and attempts have been made to develop analogs of LH-RH
that would compete for receptor sites within the pituitary but
impair the secretion of the hormones. To date, no potent
blocking ana.loque has been developed, instead, a. number of
structural modifications of LH-RH have resulted in superpotent
agonists of LH-RH, which have a. prolonged action on the
gonadotrophs of the pituitary (Labrie etal.. 1978 Rivier et al.,
1979). Larger doses of the analogs are found to inhibit
sperma.togenesis and Leydig ce11 function (La.brie et al., 1978
Rivier et al., 1979). They are suggeseted to have a direct action
on the testis (Sequin et a l., 1980). The application of such
compounds as mal e contraceptive agents wi11 be comp1icated by the
side effects of suppression of testosterone.
(b). Immunization against FSH and LH. Antisera of LH have
been reported to cause spermatogenic disruption in rats probably
by disruptinq testoterone production (Raj and Dym, 19-176). More
recently, studies in several primate species passively immunized
with antisera of FSH have conclusively demonstrated that
spermatoqens i 5 and -fertility are i rn p a i r e d w i t h o u. t a. 1 t erst ion 1 n
testosterone levels and potency (Murty et aj_., 1979; Nieschlag et.
a., 19S0). However, since FSH shares a common a 1 pha-subu.n i t with
L H and thyroid-stimulating hormone( T S H), imrnunizatio n a g a. i n s t
the entire FSH rnolecu.le may res u. It in antibodies cross-reacting
with LH and TSH. Whether immunization against the bet a-su.bun i t of
FSH wi 1 1 result in spermatogenic dis ruption needs further s t u d y.
(c). In hibin. In hibin is produced by the gonads and it is
suggested to be a specif ic inhibitor o -f FSH secretion (d e -Jong,
1979). Its rnolec u la.r weight have been reported to be greater than
15, 000 d a 1 t o n s and further studies are required to deterrni n e
whether prolonged FSH suppression by in hibin wi 1 1 result in
sperrnatoqenic disruption. The fact that i n h i b i n has a molecular
weight higher than 15,000 makes its use as a male contraceptive
agent highly u.nl ikel y.
(d). Steroid-induced suppression o-f gonadotroph i ns.
Increased gonadal steroid hormone levels can inhibit FSH and LH
secretion by negative -feedback and thereby resulting in
disruption of spermatogenesis, studies utilizing progestogen
alone resulted in loss o-f libido and potency in a considerable
number o-f men treated (Hel ler et a.J_., 1959). In recent years a
number o-f studies have been made using androgens alone or in
combination with progestogens or estrogens in an attempt to
suppress spermatogenesis without interferring with libido and
potency.
Reddy and Rao (1972) used testotestrone propionate, 50 mq
daily by intramuscular injection, demonstrated that in normal men
supression of spermatoqenes1s was observed. The resu1tant
azoospermia developed over a. period of two months and sperm
counts recovered s1oh1y( up to 18 manths) wtientestosterone
adminstration was stopped. Mauss et al_. (1975) shooed that in
order to maintain adequate suppression of spermatogenesis,
testosterone enathate must be adminstered approxrnate1yevery 7
days, a finding confirmed in more recent studies (Swerdloffet
a 1., 1973; Stein berger et a J_., 1973).
Two progestogen-androgen combinations have been studied
extensively, namely da nazal-testosterone (Pau.lsen and Leonard,
1976) and rnedroxy-progester-one acetate (DMPA) -testosterone
cornbinations (Shearer eta_., 1978). Both combinations can
produce contraceptive effect and Paulsen et aJ_. (1930) concluded
that the combination o-f DMPA (200 rng) and testosterone en a nth ate
(200 m g) given by monthly injection offered the best potential
male contraceptive. One of the principle problems of this method
is the failure to achieve persistent azoospermia in all men,
though oligospermia of less than 5 mil1ion/ml occurred in all
subjects treated with 200 rng each o-f testosterone enanthate and
DMPA. The question of the fertilizing ability of these sperm is
unsolved. New delivery systems also require further exp1oration
to obviate the necessity tor monthly injections. Furthermore, the
long lag-time for effectiveness and also for recovery hampered
thie use o-f such a method in male contraception.
Direct, suppression ofj spermatpgenesis. Although a number
of substances have been -found to inhibit spermatogenesis
directly, toxic effects or irreversibility have prevented their
use as male contracept i ves. Studies with 5-thio- D-glucose in the
mouse established that spermatogenesis could be suppressed
without altering libido and potency (Zysk ejt aj_., 1975). More
recent w o r k has shown that this agent is also e-f-fecti ve i n r a t s
( Lob 1 a n d Porteus, 1978) but its e-f-f ect i veness in primates is
u n k n o w n and details o f the toxicolog y in s u c h species are
u n a.va i 1 ab 1 e.
Recent studies have also shown that gossypol, extracted from
cotton-seed oil co uId s u p r e s s spermatogenesis in man (National
Coordinating Group, 1978). Details of the contraceptive effect of
gossypol will be given later in this chapter.
B, _I jnjt et_er einc e w_i__t h the Eo j_d Jdyma_l_ Mat: up a t__i_on of Sperm'
Though great progress has been made in the understanding o-f
the physiology of epididymal function, no compound that
interferes with the epididymal maturation has yet been
developed. More recent work has shown that contraception through
interference of epididymal spar rn rn at u rat ion possesses the
advantages of (a) r apid effectiveness and rapid reversibility;
(b) no interference with spermatogenesis; (c) no interference
with androgen production by the testis and therefore libido and
potency are not affected.
The drug alpha-chlorohydrin is capable of inducing temporary
sterility in rats, guinea pigs and mo n k eye b y interefering wit h
the epididymal function (Ericsson and Baker, 1970). However, it
exerts toxic effects on bone marrow and kidney. An amino
derivative of alpha-chlorohydrin, D-1-amino- 3-dichloro-2-
propanol hydroch 1 or i de, wa.5 also proved to be toxic in primates
( C o p p o 1 a. a.nd Sa.lda.rini, 19 74).
S u. bst i t u. ted hexoses and s u croses wi t h a chlorine atom in the
6 andor 6' position have been s h o w n to pi o s s e s s reversible
anti-ferti 1 ity actions in the male rat (Ford and Waites, 1978a,
19 78b). T h e 5 e compounds appear to act at an e p i d i d y rn a 1 level b y
depressing sperm glycolysis associated with decreased adenine
n u. c 1 e o t i d e content and thus red u. c e sperm motility (Waites, 1980).
One of these cornpou.n d s, 6- c h 1 or o- 6- d eoxy g 1 ucose, also exerts an
anti-fertility effect in the marmoset monkey. Howev e r, c e r t a i n
degree oi neu.rotox i c i ty at high doses was observed a. 1 t hou.gh t he
compound appears to have a. 1ower acute toxicity than alpha-
chlorohydrin (Waites, 1980).
C. rij:erilltLEt JlOII Sjoer.m TrajosDorjt:
No new significant development has occured in this area.
The two most widely used methods in this aspect are condoms a.nd
vasectomy. The condom is cheap, effective, easy to handle and
without toxic effects.
Vasectomy. though effective, is regarded as irreversible.
Although recently developed microsurgical techniques are able to
restore potency in 80% of cases, the pregnancy rate -following
reversal is considerably lowered, a consequence possibly related
to the development o-f antibodies to sperm (Ansbacher e_t a_l_.,
1972). F u. r thermo r e, C 1 a r k son and Ale x ander (1979) h a v e provided
some evidence to indicate that atheromatous plaque formation in
the abdominal aorta o-f rhesus monkeys is more -frequent after
vasectomy, there-fore the long-term safety of vascetorny is
doubted.
In 5 u mm a r y, only condoms and v a s e c t o rn y a. r e available f o r
widespread control of male ferti 1 ity. Of the rmrnerou.s hormonal
methods e v a 1 u. a. t e d, o n 1 y t h e testa s t e r o n e a lone or in c. o rn b i n at i o n
i t h medro x y proqeste r o n e acetate of f e r e d prospects f o r
availability in the near future. However, their application as
male contraceptives is hampered by the reasons stated above while
qossypol which has been extensively tested clinical 1y in Chin a
with success, is wort h y of more c a r e f u. 1 studies.
I I. HISTORY OF SOSSYPOL STUDIES AS A IOXICANT AND AS A
CONTRACEPTIVE AGENT:
Cottonseed was previously used extensively as an animal feed
i n Arner ica. It was f ound 1 at en t h at t he ye 1 1 ow p i gmen t i n
ft
cottonseeds, qossypol, was toxic to animals and researches were
then directd to study its toxicity.
Adrn i ns t r at i on of qossypol to an i am Is led to a depression of
appetite, and in non-fastinq experinments the depression of body
weight was proport ional to t h e quantity of qossypol adrni nstered
(Eagle and Bialek, 1950). It was also found that rats on low
vitamin A were more susceptible to qossypol poisoning than those
fed on complete diets or on diets deficient of other vitamins
(Gallup, 1931). Further study in 1950 showed that dogs ted with a
g o s s y p o1 dosage of 1-5 mgkg body weight day resulted in a
slight decrease in -food i ntake and body weight, while dogs f ed
with a dosaqe o-f 15-200 mqkg body weightday s u Here d diarrhea,
anorexia, weight loss and led to -final death (Eagle, 1950). On the
other hand, gossypol --fed rabbits and pigs w e r e reported to
d e v e 1 o p hypoprothomb i nern i s (Harms and Hoi 1 e y, .1951). Chicks -fed
with gossypol developed hemolytic anemia; a. ceroid like pigment
appeared in t h e sinusoids o-f- the liver a n d spleen o-f gossypol- -fed
chickens. (Rigdon e t_ a J_., 1958). While the study of gossypol was
centered in its toxicity in livestoc k s, the contraceptive effect
of gossypol was left u nnoticed at this time.
The contraceptive effect of gossypol was discovered in
China. in 1957 w h en a. s h a r p increase i n inf erti 1 it y r a. t e w a s
observed in a. population from certain regions in China, where most
people used cottonseed oil as main food oil (Dai ejc a_l_•? 1978;
Wang et aj_? 1979). It was shown later that the active ingredient
in cotton- seed oil, gossypol (Wang et a]_., 1979; National
coordinating group on male ant iferti 1 ity agents, 1978) is a
Dotential male contraceotive which induces an antiferti1itv
defect in spermatozoa during development resu1tin q in
disintegration and fragmentation of the spermatozoa. The
antiferti 1 it y effect of gossypol was further confirmed in 1972 in
c1 inica 1 studies on over 4,000 healthy ma 1es who had t aken
gossypol for more than si x months at a. dosage of 2 0 rn g d a y w i t h a
contraceptive rate of as high as 9 9% (National coo r din a. ting g r o u p
on male ant iferti liby agents, 1978).
Clinical application of gossypol as a male contraceptive in
human subjects was carried out in China, India and Brazil. China
is the country most actively undergoing clinical tests on t h e
effect of gossypol on human. When used clinically, the initial
daily oral adminstraton dose is 20rng day. A decrease o-f sperm
count and motility was observed a-f ter about -four weeks, reaching
nearly complete azoospermia in 90 days. The dose was then
-followed with a maintenance dose o-f 40 mgweek to maintain the
sterile state. A gradual restaraton o-f -fertility was -found when
gossypol was removed from thediet.
III. GOSSYPOL THE ANTIFERTILITY COMPOUND:
A. GossyjDoJ_-- a Secondary MetaboXi.JL of Gossypj_um
Gossypol is widely distributed throughout the whole cotton
plant (Genus Gossypium, Subtribe Hibisceae, order Malvaceae) but
is most abundant in the kernal of the cotton seed (Gallup, 1928;
R o y c e et a j_., 1941). A cottonseed contains, on the average, 45%
hull and 1 inter and 55% kernal, by weight. The amount of Gossypolt
in raw cottonseed kernels varies considerably and depends on the
species, the environment, and the specific varieties concerned
(Schwartze arid Alsberg, 1923; Gallup, 1936; Goldovskii and
Pod o 1' s k ay a, 1951; Pons et aj_., 1953).
Gossypol in cottonseeds may either be a simple metabolite
(secondary metabolite) with no particular cellular function or
may be a toxic substance to protect the seed from insect feedinq.
In general, other phenolic compounds which are relatively common
in seeds and fruits of some tropical plants, have been found to
exhibit a protective function to the host plants from insect.
microbial, or fungal predation (Walker, 1975; Janzen , 1975). It
N35 to u. n d that larvae of the spotted boll w o r rn , w h e n r eared o n
glanded (Gossypiu.m barbadense arid G . thu.rber i ) and glandless (G. 
h i rsutu.m) cotton leaves, showed a con s i d a b l e  dif f e r e n c e  in insect 
population. Those fed on glanded cotton leaves had a decrease in 
1 arval s u r v i v a. 1 , i n 1 a r val p u tat i on , in 1 a r v a 1 and p u p a 1 we i q h t ,
a. n d a. ri increase i n t h e t i rn e t a k e n f or- p u. tat i on . Similar effects
w e re a. 1 s o d e m o n s t r a. t e d w h e n the 1 a. r v a. e w e r e r e a. r e d on glandless
cotton leaves but treated with 1.0% gossypol (Dongre et a_l_. ,
19 S 0) . T h e presence of gossypol has also been shown to have
lengthened the post-embryonic developmental period of the boll 
worm and the maj o r i t y  of the larvae that entered the bolls get-
access through the thallic region, so that they could avoid the 
pericarp region of the boll in which the gossypol concentration
is higher (Sharma et aj_. , 1982). Furthermore, a negative
c o rrelation between spotted boll worm incidence and gossypol
content in the cotton species has been obtained (Shrama et a J_. ,
1982). Similar observations were obtained with the insect species 
Pldl22.ii.3£J23. Wal lengren, H ^ a r m ^ g e r a  (Hu.bner) and
S p o d o p t e r a  littorlis (El-Sebae et a l_. , 1981; Kay et a_l_. , 1980).
Thus gossypol may play a role in protecting the host plant from
insect pests, a role that is commonly played by other plant
secondary products such as that of the phenol ic and t h e alkaloid 
types.
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B. The C hern i s t r v o-f- Gossypol:
Gossypol was isolated pure as early as 1917, but improved
methods were developed in later years (Carruth, 1917; Swensen e t
al., 1942; Bydagyan et a J_., 1948; Cast i lion et aj_.,1953). The
isolation procedure involves removal of oi 1 -from the cottonseed
kernels by low-boiling petroleum ether, followed by extraction
with diethyl ether (peroxide- -free) to remove the gossypol alone
with the residual oil. Acetic acid is then added to the
concentrated ether solution and gossypol is precipitated as the
acetate salt in -form o-f brown crystals. Further purification can
be achieved by reprecipitation from a clarified ether solution.
The molecular formula of gossypol is C H 0, while the
30 30 S
molecular weight is 518.54 (578.5 for the acetate). Its structure
is a 5 shown in Figure 1-1.
The crystals of gossypol are pol yrnorph i c, its melting point
varies with the solvents from which they are crystallized: 184,
199 and 214 from diethyl ether, chloroform and ligron
respectively. It is insoluble in water, very slightly soluble in
petroleum ether, soluble in ordinary organic solvents such as
methanol, diethyl ether, chloroform, dirnethy1-foramide, and
freely soluble in diluted aqueous alkaline with slow
decomposition. Gossypol-acetic-acid is a losely bound complex
with a gossypol: acatic acid ratio equal to 1:1. Because of its
stability, it is used in place of gossypol in most reactions. It
is formed by an addition of acetic acid to an organic solution of
gossypol. It exists in a bright yellowish crystalline form, with
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with other organic acids su.ch as tormic, propionic and b 'J tyr i c
acid (Campbell et aj., 1937). The acetic acid can be removed by
allowing an ether solution of gossypol acetic acid to evaporate
in' contact with an asqueous layer in which gossypol is separated
as a crystalline solid (Campbe11 e_t ai_., 1937). Free gossypol can
also be obtained from the acetic acid complex by stea
distillation in vacuo (Kozhevnikova and Gil'tburg, 1936).
19. THE EFFECT OF GOSSYPOL ADM I_NSTR AT_I ON:
A. Genera. Description:
The anti-fertility effect of gossypol has been studied in a
number of laboratory animals. It was found that different animal
species showed marked sensitivity variations towards gossypol.
Hamsters, rats, dogs, monkeys and mice showed varying degree of
sensitivity to gossypol, while rabbits seemed to be insensitive
(Nat i-onal Coordinating Group, 1978; Chang et ai_, 1980).
The contraceptive effect of gossypol in mice seems to be
controversial. Although there are suggestions that the mice are
also sensitive to gossypol (National Coordinating G r o up, 1978),
Hahn et al. obtained opposite results with gossypol adminstration
at 80 mgkg body weightday for 2 months. In two of these mice
necropsied after 4 weeks of trearment, gross observations
revealed marked distension of the small intestines, soft feces in
the colon, empty gall bladder, pale yellow color of subcutaneous
tissue and lymph nodes and a reduction in the size of the
preputial gland and seminal vesicles, but the survived mice were
still -fertile at the end of the exper i nrnent (Hahri et. al., 1981).
On the contrary, male rats receiving gossypol doses of 10
m g k g day for 12 weeks (or when fed with husked cottonseed rneal
or with raw cottonseed oil) become infertile. The onset of
sterility is directly proportional to the amount of gossypol
administered. This was shown by the appearence of dead and
abnormal sperm in the male tract and the failure of pregnancy or
decrease in implantation sites in the female mated to gossypol
treated males. The dead sperm showed head detachment and swelling
of the midpiece plasma membrane. The severity of damages in the
spermatozoa increased as they passed down the epididymal tract:
more severe in the caudal region than in the caput region. A
recovery period of about one month and two to three months for
the rat and the hamster respectively was required after the
withdrawal of gossypol (Saksena et aj_., 1982; Chang et a _1_.,
1980). On the contrary, male rabbits treated with 1.25-10 mg
gossypol kgday for 5-14 weeks did not affect the average number
of sp~errn per ejaculate, although the motility of sperm was poor
during treatment in some bucks. The pregnancy rates arid the
proportion of implantaton sites were also not affected (Chang et
a J_., 1980; Wei nbauer et a_l_., 1982; Dai et a J_., 1978; Wang et a J_.,
1979).
B. The Iif§ct of Go ssygi o J_ on the MaJe Refirod u.c t. j_v e Organs:
1. Tes _t jLs arid ejo j_d j_dymi_s: In rats fed with a contraceptive
dosage of gossypol for more than one month, a local degeneration
o-f the semini-ferous tubules as well as a decrease in sperm conn
were observed in parallel with a change in the basement rnernbrarn
o-f the germinal epithelium. The epididymis o-f the gossypo
treated rats were usually lighter in weight than those o b t ain e
-from the control animals.
The spermatids and spermatocytes o-f mid- and late-stages
were almost absent from the seminiferous tubules of gossypol
treated rats. At its severity, the damaged seminiferous tubules
became atropic and depopulated to a marked degree, with only a
single layer of cells consisting of Sertoli cells and
spermatogonia left in the tubules. Moreover, the storage of dead
spermatozoa in the caudal epididymis led to the presence of
phagocytes.
On the contrary the Leydig interstitial cells and the
epididyrnal epithelia in gossypol treated rats were not affected,
and the w eight of the accessory glands as wel 1 as its morphology
were nocjnal (Dai et a_l_., 1978; National coordinating group on
male antifertility agents, 1978; Xue et a _1_., 1980). While the
morphology of Leydig cells was not affected by gossypol
adrn i nst r at i on, serum testosterone level was reduced to 20% of
control aniam Is and a diminution of testosterone synthesizing
capacity was observed _i__n v_i_ _tjr o. The responsiveness of the cells
to L H was retained but at a lower level than in the nontreated
animals (Hash iai ej: a j_., 1931; 1982). Studies employing tracer
techniques, vascular perfusion and intratesticular perfusion of
horseradish peroxidase showed that the spermatogenic cells were
severely damaged while the permeability of the blood-testis
barrier was not affected (Yang ejt aj., 1982). It is obvious that
gossypol does not inter-fere the blood-test is -barrier.
Although it has been reported that gossypol administration 
did not impair protein synthesis in the sertoli cells (Zhou. 
1982), u 1trasturctural changes related to phagocytic activities 
were reported (Wang et aj_. , 1982). These changes included an
increase in the number o-f lysosomes, lipid droplets, ring or cup 
shaped mitochondria as we 1 1 as the multi-form c hanqes o-f
mitochondria and lysosomes. After six weeks of treatment the 
sertoli cells began to show degenerative changes such as
distension and vesi cual t i on o-f endoplasmic reticulum,
accumulation o-f lipid droplets, cellular debris and lysosomes in 
varying sizes and phases, and the occurrence o-f atrophic changes 
in mitochondria were noted.
In brief, gossypol at the contraceptive dosage does not
affect the morphology and structure of the accessary sex qlands 
and the Leydig cells! the blood-testis-barrier is not affected. 
On the c an t r ary, the deve 1 oprnent of the germinal elements within 
the seminiferous tubules is severely hampered and the Sertoli 
cells are also susceptible to the toxicity of gossypol upon long 
term adminstration.
2 - Spermatozoa a_nd spermatogenyc ce]_]_s : The effect of
gossypol on spermatozoa both _i_n yj^vo and j_n vj. trg constitutes a 
substancial portion of literature about gossypol effects. The 
sperrnat ogen i c cells are the target cells o-f gossypol action and 
studies of gossypol effect would help to resolve the mechanism of 
the contraceptive effect induced by qossypol.
The changes idu.ced by gossypol can be classified into
1 /
structural, m o t ility and biochemical aspects. In rat, the 
spermatids and s p e r m a t o c y t e s  o f the rn i d - and 1 a t e - s t a g e s mere 
most sensitive a n d v u l n e r a b l e  to go s s y p o 1 inhibition. 
U 1 t r a s t r u c t u. r a. 1 observ a t i o n s  of s p e r m a t o z o a  from q o s s y p o 1 treated 
patients revealed that t h e m i tocha n d r i a. 1 she a. t h a. n d t h e acros o m a 1 
cap were the first to show d e t e c t a b l e  damage and suffered the
most severe damage ( Xu.e et a_l_. , 1980) . The axial filaments and
nuclei also demonstrated different degrees of abnorma I i t i e s . The 
severely damaqed s p e r m a t o z o a  finally d i s i riterated , followed by 
appearance of cell debris and exfoliated immature sp e r ma t. oge n i c 
cells (Hang et aj_. , 1980). S p e r m a t o z o a  from the cauda
e p i d i d ymi d i s exhibit dist i n c t i v e  changes including wrinkled and 
disorganized cell membrane in the head and tail regions, cell 
membrane missing from segments of the tail mi d p i e c e  and principal 
piece regions, malformed heads, decapitated spermatozoa, 
retention of cytoplasmic droplet at variable loci along tail
midpieces, and looped tails. Hoffer noticed a significant damage
of virtually all sperm f l a gella throughout the epididymal duct of 
gossypol treated rats. Again, the initial and prominant defect
was the degeneration of the midpiece m i t o c h o n d r i a  w hile the
u.ltrastructure of the epididymal and vasal epithelium was not
affected (Ho f f e r , 1982). It was suggested that gossypol exerts
its contraceptive effect during spermatogenes i s and
spermiogenesiSj including the posttesticular development and
maturation of spermatozoa, in the epididymis (Bozek e_t a _i_. , 1981) .
It is well known that gossypol inhibits both j^ n vj_yo and j_n 
vj_tro spermatozoa 1 motility. Hadley showed that the injection of 
gossypol into the fat pad adjacent to the caput epididymis
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inhibited sperm motility j_n y_i_vo (Hadley e_t aj_., 1982). And _i_n 
Y-L.kL.° studies, 90% inhibition of human sperm rnotilty was 
achieved by 1.72 nanomolar gossypol (Ridley and Blasco, 1981; 
Kalla and Vasudev, 1980). The loss in motility probably is not 
due mainly to a lack o-f energy supply since it was noticed that 
inhibition o-f motility had a lower threshold than that o-f the 
sperm -flagella and \m itochondria ATPases (Tso and Lee, 19 8 2 d ) . It 
was also claimed that the inhibition o-f motility probably was riot 
due to a leakage o-f potassium from the spermatozoa since the 
latter process had a much higher threshold than that of motility 
(Tso and Lee, 1 9 8 2 g ) .
It should also be born in mind that gossypol uncoupled the 
respiratory chain and oxidative phosphoryaton of boar spermatozoa 
resulted a stimulation of respiration at low concentrations and 
an inhibition at high concentrations j_n yj_t.ro (Tso and Lee, 
1981b; 19 8 2 e ).
C . Effect. of GossygoJ. on t^ jye Regrod uc t. j_v e Hormones :
Gossypol does not seem to affect hormone level as a primary 
target of contraception. Both the plasma level of LH and 
testosterone were not affected by low dosaqes of qossypol 
admin str atari (Wang ejt a . , 1979; National coordinating qroup on 
male an t i f e r t i 1 i t y agents, 1978; Kalla et a J_. , 1982). Also 
response of the pituitary to luteinizing hormone releasinq 
hormone (L H R H ) and follicle-stimulating hormone (F S H ) binding bv 
testis were normal when compared to control animals. On the other 
hand, Liang et aj. reported a decrease in plasma testosterone 
level in gossypol trearted rats (20 mg / kg / day, two months).
and su qgested that gnssypo 1 might exer t a. direct ef t ec t nn t he
Leydiq cells (Liang et a J_. , 1981). Similarly, Hoshiai et a 1 .
demonstrated that serum testosterone mas reduced to 20% and serum 
L H slightly/ declined while serum FS H u nder w e n t no not ic able 
changes and t hey suggested t. h at gossypol depressed the
testosterone synthesizing capacity at the Leydig cells without 
causing a suppression ot the gonadotrophin production (Hoshiai e t. 
aj_. , 1981 ) . Ye et a J_. tou.nd that gossypol attested the
gonadotrophic cells in adenohypophysis.
Four types o t gonadotrophs in th e rat adenohypophysis can be
classitied under electron microscope. The control groups mainly 
consisted ot types I and II gonadotrophic cells with the latter 
constituting about 65% at the total. Fallowing gossypol 
administration, the number ot type II cells decreased and the
number ot type III cells increased to become the principal cell 
type in the gossypol treatd animals (58% at total gonadotrophs). 
Type III cells were characterized by the appearance ot dilated
vesicle derived trom rough endoplasmic reticulum which occupied 
almost all the cytoplasm. Morphologically, these cells were 
similar to castration cells which appear in the rat 
adenohypophysis at ter gonadoectoniy. They reported no
ultrastru ctural changes in the interstitial cells o t gossypol
treated rats (Ye et aj^. , 1982) . In hamster the serum
concentration ot testosterone, prolactin and LH were not attected 
by gossypol adminstration. A dosage ot 15 mg/kg/day tor 8 weeks
led to intertility while the serum level ot the reproductive 
hormones were not altered (Saksena and Salmonsen, 1932). In the 
monkey (Macaca fas c_i_c u U r  ±z>) adminstraton ot gossypol at a dosage
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o-f 10m g /1- q / day -for 6 months resulted in a decrease of sperm 
c o n c e n t r a t i o n  and motility but the p l asma levels o-f tes t o s t e r o n e  
was no t affected (Shand i 1 y a et a_l_. , 1982). Similarly, pigs fed
with q o s s y p o 1 also showed normal s e r u. rn FSH level while rabbi t s
which are insensitive to gossypol i n d u c e d c o n t r a c e p t i o n  fed wit h 
q o s s y p o 1 were fa u n d to s h o w slight f 1 u. c t u. a. t ion i ri s e r u rn FSH level
(Wanq et a j_. , 1979; National c o o r d i n a t i n g  group on male
ant i f er t i 1 i ty agents, 1978). However , in h u rn a. n s u. b j e c t s t he s e r u. rn
t e s t osterone level remained the same after- g o ssypo 1 a d rn i n s t r a t o n .
The response of the testis towards LH-RH and HCG was also not
a 1 t e r e d by gossypol.
D . The Effect of GossypoJ_ on Eiochemj. ca]_ R e a c t i o n s  :
As early as 1959 gossypol was reported to inhibit the 
end o g e n o u s  respiration and some enzymes of chicken liver- 
homogenate such as xanthine oxidase, succinic dehy d r o g e n a s e  and 
cytoch r o m e  oxidase (Furguson e_t a_l_. , 1959) . In 1965, Myers and
Throne b e r r y  discover t h a. t gossypol inhibited the activity of man)/ 
enzymes and enzyme-complexes associated with the tricarboxylic 
acid cycle and the electron transport chain in mitochondrial
preparation of sweet potato, avocado and beef heart. Also they 
found that gossypol inhibited p h o s p h orylation a t c o n c e ntrations 
having no appreciable effect on oxidation (Myers and Throneberry, 
1966). The uncoupling effect of gossypol was later shown in 
mitochondrial preparation from soybean and on rat liver 
mitochondria (Million et a ■ ? 1968; Abou-Don i a and Dieckert,
1971) _i_n v i_ ;tr o . Subsequently the ATPase activity was stimulated
at 1ow c oncentrations but inhibited at high concent r a t i o n s  in the
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liver p r e p a ration (Abou-Donia and Dieckert, 1974).
Gossypol is highly reactive with proteins (Lyrnan ej:•,
1959). The carbonyl groups of gossypol readily react with the
-free E-amino groups o-f lysine residues and the gossypol are thus
'bound' and cannot be removed by dialysis (Tanksley ej: a J_.,
1970). Pepsinogen reacted with gossypol covalently making it less
available to pepsin digestion. It was suggested that the
can-formation o-f the native pepsinogen was altered so that
digestion by trysin would be hindered (Tanksley et aJ., 1970).
Similar observations with cottonseed globulins was reported by
Jones and Waterman (1923).
Several attempts have been made to -find the mechanism o-f the
contraceptive effect o-f gossypol at the biochemical level. It has
been suggested that biochemically, arginine uptake which is a
developmental process -for spermatids of the late stages to
incorporate arginine selectively in the biosynthesis of a r ginine-
rich histories, was more sensitive to gossypol then leucine and
uridine uptake (Ye et a_l_., 1982) and that gossypol might
interfere with the turnove of nuclear basic protein synthesis in
the late elongated spermatids (Chen et aj_., 1982). Alternatively,
Lee et a J_. found that gossypol inhibited mouse LDH-1, LDH-5 and
the sperm-specific LDH-X (Lee et aJ., 1982), and that LDH-X was
more sensitive to goossypol than other LDH isozymes (Tso and Lee,
1982f). This led to a postulation that energy deprivation may be
the cause of gossypol ant iferti 1ity.
In addition, other sperm specific enzyme which function in
the process of fertilization, acrosin, proacrosin (boar) and
acrosomal proteinase (human) have been shown to be sensitive to
gossypol inhibition (Tso and Lee, 1982b; Shao et a, J 982).
V. METABOLISM AND DISTRIBUTION OF GOSSYPOL IN THE BODY:
Gossypol is absorbed slowly in the gastointesta 1 tract. In
rats at 19 days alter the oral administration of radioactive
gossypol acetate, the amount o-f radioactivity eliminated in the
-feces, expired carbon dioxide, and urine was 83.5, 11.73 a ri d
2.51% respectively. The half-life o-f gossypol in the body as a
whole was 60 hours. The highest spec if ic radioactivity was -found
in the liver and the qastrointestinal tract, reaching peak levels
at 1 day after gossypol adrninstration. Radioactivity levels in
the heart, kidney, spleen, lung, pancreas, diaphragm and testis
v; ere initially low, b u t rapidly reached their p e a k at d a y 4-9
after gossypol administration (Shi eh et I-, 1979? Jensen et aI.,
1982). The content o-f gossypol in spleen, lung, blood, kidney,
heart and testis decreases in order while that in fat and muscle
are very little. The content of gossypol in the brain is below
detectable level (Wang et al., 1979; National coordinating group
on ant iferti 1ity agents, 1978). For chronic gossypol
adminitration to rats, liver, testes, epididymis and serum
contain gossypol in a decreasing order (Ko et al., 1979).
Tang et al. found that the radioactivity in the rat testes
w a s relatively higher than that of the monkey, dog, and mice from
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equal intakes. The rate of C.~ g o s s y p o 1 elimination by the
gastrointestinal tract was also higher in the rat than in the
other three species. Species variation in the antiferti1ity
activity and toxicity n-f gossypol may be due to differences in
tissue distribution, rate of absorption, and rate of el 1 rn inetio n
(Tang et a J_., 1980). Gossypol is excreted also through the bile,
substantiating the existence of a hepatointestinal circu1 atio n in
the metabol ism of gossypol (Ko et aj_., 1979; National
coordinating qrou p on male a n tif e r ti 1 ity agents, 1978).
Among the subcellular fractions of rat testes, the
radioactivity in the mitochondria was the highest reaching 2-3
fold higher than that in other cellular organelles. It wa s t hu s
sugges t ed that the mitochondria might be t he t a.rget cell u 1 ar
organelle at which gossypol interacts to interrupt
spermatogenesis (Liang et aj_. 1981).
91. TOXICITY OF GOSSYPOL:
A. GisLIeIILsI Toxic Ff_£ec_I of Gossypol:
The toxic effect of gossypol was evident first in livestock
(Macy, 1921j Schwartze, 1926). In rats, it caused a depression
of appetite, and in non-fasting experiments the depression of
body weight proportional to the quantity ad minst rated and more
severe in vitamin A deficiency (Gallup, 1931? Eagle and Bialek,
1950; Ambrose and R'obbins, 1951).
Gossypol was found to induce ultrastr u. c t u. r a 1 c h a n g e s i n t h e
hepatocytes, the changes include distention of the endoplasmic
reticulum and an increase in the smooth endoplasmic reticulum and
1y 5 o s om e s while the ultrastructure in the heart muscle, kidney
and the? adrenal Has normal. (Wu eh a 1., 199).
In dogs, oral adrni nstrat ion of 2-5 rng qossypo 1 kgday tor 4
w eel5 showed a b n o r rn a 1 heart electric activities, w h i 1 e blood
composition, hepatic and r ena.l t u. net i o n s remai n e d no r rn a. 1. A -f t e r
e.drn i nst ra.t i on tor 3 months severe myocardial damages oc cured in
some of the treated animals. The changes were resto r ed o n e y ea.r
atter withdrawal ot qossypo 1 (Sang et a.J_., 1980). In rats,
gossypol a. d m i n s t r a. t o n at high dose o t 15-200 rn g k g day tor- 5-12
days led to diarrhea, anorexia, weight loss, and to f ina.l death
(Eagle, 1950). By contrast, monkeys received 4 m g kg day tor 2
years showed normal heart activities and composition. This might
be related to the more pronounced absorption and excretion t
qossypo 1 in monkeys than in dogs. (Sang et a j_., 1980).
The most common effect o t gossypol in the circulato r y s y stern
was cardiac irregularity and in extreme cases death ot the animal
was caused by cardiac failure (Alsberg and Schwartz, 1919).
Cardiac irregularity may be caused by the leakage ot potassium
from the cardiac muscle induced by gossypol.
In the respiratory system gossypol prevented the liberation
at oxygen from oxy hearnog 1 ob i n and showed a hemolytic effect on
erythrocytes. In gossypol poisioning, an extreme burden w a s
placed on the respiratory and circulatory organs owing to the
reduced oxygen carrying capacity (Menaul, 1922; Menaul, 1923).
Subacute cases ot gossypol poisoning led to in death from
p uImonary edema (Alsberg and Schwartz, 1919).
B. The Midi age 22£cj_t_j o£ Gassypol:
Determination at the mutagenic e 11 e c t at gosspol u. sing t h e
Ames test and 5ister-chromatid exchange method (SCE method)
revealed that gossypol was not mutagenic (Caiman et. aj_., 1979; Li
e t a J_., 1981; Ma.ju.mdar e_t aj._., 1982; Yang, 1982). However, Zhou
et a£ showed that a high concentration ot gossypol at about 50-
120 told that o t clinical doses markedly increase t h e trequ e n c y
ot sister chromatid exchange (SCE) in spermatogonia ot the rat
was observed but no chromosomal aberration was seen (Zhou et a_l_.,
1982). On the other hand, Wu et a_l_. assayed the chrosornes ot the
perip her a 1 blood lymphocyte and found that chromosomal and
chromatid aberrations as well as gap and total abnormalities were
more present (Wu et a_l_., 1930). This again is in contradiction to
a present tinding that no significant chromosomal aberrations in
the peripheral blood lymphocytes after taking daily doses ot 20rng
gossypol formic acid was found in man (Zhang ej. aJ_=, 1983).
Cytop hotometric studies on the effect of gossypol (20mgday
for 50days) on the DMA content of human sperm showed that at sub-
contraceptive dose, gossypol did not affect the DMA content of
the spermatozoa (W u e t_ a_l_., 1930).
VII. MECHANISM OF THE ANTIFERJI. LIJ Y EFFECT OF GOSSYPOL:
Although it has been reported that serum testosterone and
F S H levels in animals fed with gossypol were reduced or showed
fluctuations (Liang e£ a_I., 1981; Hoshiai e_t a£., 1981), this
e f f e c t was evident on 1 y a. t t e r a d m instration o t qossypnl d □ s a q e s 
h i q h e r than t h e contraceptive dosage. Moreover, t h e serum F S H 
level ot the rabbit, which is insensitive to the contraceptive 
etfect ot gossypol, also showed tl u c t u. at i o n 5 u. pon g o s s y p o 1
admi nstra.t ion ( W a n g e t. a J_ . , 19 79; National Coord i nat i n g Gro li. p ,
1978); wh i 1e the levels ot serum testosterone, prolactin and LH 
at the hamster which is most sensitive to gossypol showed no 
change (Saksena and Salmonsen, 1982). It is g e n e r a 1 1 y believed 
that probably the reproductive hormones are not the primary
tar'get sites ot gossypol action. It is then believed that the 
antiferti 1 ity e 11 e c t o t gossypol is its inhibitory e 11 e c t on 
n o r m a 3. s p e r rnatogenesis but the critical e x per imental support is 
1ac ki n g .
At the molecular level, gossypol might exert its 
antiterti 1 ity ettect through several possible ways, such as the 
inhibition ot tunctional proteins such as enzymes; the chelation 
ot essential metal ions and/or induction ot ion leakage resulting 
in germinal cellular malt unction. Gossypol was suggested to exist 
in tree and 'bound’ forms within the cell, the molecule adhere to 
the £-amino group ot lysine residues and are thus 'bound’, 
functional proteins having lysine residues at the active or­
al 1 o s t e r i c sites may be affected by gossypol.
As shown, gossypol inhibits the sperm- specific LDH isozyme 
of L D H - X . Since LDH-X constitutes a s u b s t a n c i a 1 portion of total 
s p e r rn a t o z o a 1 LDH, inhibition of this isozyme may impair the 
energy 5 u pplying process of the germinal cells. This step in
energy deprivation may be further reinforced by a qeneral
uncoupling action of gossypol on the respiratory chain (Tso and
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Lee , 1 9 8 2 e ) . The t w □ e H e c t s  together cause a c a t a s t r o p y type o f
•fatality in differentiating germinal cells where e n e r q y i s
desperately needed.
The e n z y me p r o t e i n c a. r b o x y 1 met h y la.se w as To u n d to be
a b u n dant in the testis and test is- specific charge iso rn e r s o T t h e
rat testis were identified (Bouchard et a.J_. , 1980a; Bouchard et
a_l_ ■ , 1980b; Cu.san e_t a_l_. , 1981) . This enzyme has been proposed to
play an important role i n behavioural control rn e c h a. n isms, i n
signal transduction and in developmental processes (Springer et
a j_. , 1979; Gagnon and Heisler, 1979; Bouchard et a _1_. , 1980b) and
to be a very powerfu 1 enzyme that can regulate other cellular- 
processes. It is of interest to know that an alteration in the 
activity of this enzyme might affect the regulatory process in
spermatogenesis resulting in cell death.
Gossypol may exert its effect through its ion chelating 
nature. The CHO-group at position 8 and the OH-group at position 
7 of the gossypol molecule had been claimed to be essential for 
its ant if ert i 1 i ty effect (Wang e_t a_l_, 1979a) . These two groups
might interact stereospecifica 1 1y and act as a chelating centre
for metal ions. Compounds, such as sal icylaldehyde and o-vani 1 1 in
which process similar functional groups exhibit spermicidal 
effect but not contraceptive effect when administrated orally (Yu 
£t. a_l_. , 1982) . However, the leakage of i nt race 1 1 u 1 ar potassium
ions, is evident in boar spermatozoa at high gossypol 
concentrations (Tso and Lee, 19 8 2 f ) . Ions chelated to gossypol
is more mobile through membrane as gossypol itself is hydrophobic
and that ion passage through the cell membrane is facilitated 
resu. 1 t i ng in ion leakage. An interference by gossypol,
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alternatively, may shift the balance of the membrane ion channels
leading to an impairment of the ion concentration grad1e n t. This
gives rise to a leakage of essential ions in the germinal cells.
T h e possibility that gossypol acts as a chelator of metal ions
leading to deactivation of some metal- depende n t e n z y rn e s res u. 1 t i n g
in spermatogenesis failure has not been r u led o u. t.
VIII. PURPOSES OF JH I_S SIUDY:
This research aims to unravel the mechanism of antifertility
effect of gossypol. Understanding the molecular mechanism of
gossypol induced sterility may provide more valuable information
about the reproductive process especially the process of
spermatogenesis. Alternatively it may shed light on the synthesis
of new male contraceptive drugs which are more patent and yet
devoid of side effects.
Although the site of action of gossypol is believed to be
the developing germ cells within the seminiferous t u b u. 1 e s
especially the spermatids, the actual action of gossypol at the
molecular level is still unk n own. The present s t u d y focuses o n
the action of gossypol on two important enzymes that are
relatively specific to t h e testis. The first enzyme is L D H-X,
which o c c u r 5 only in the testis and in developing germ cells. It
is a. sperrnatozoal specific and key enzyme for the production of
energy in the germinal cells. Another enzyme or enzyme system
that is abundant in the testis is t h e protein carboxy1-methylase
system. T h 1 s enzyme system is a. n import a. n t r e g u. J a t a r y s y stern i n
the rapidly growing germinal cell and t h e possibility that b y
inhibiting this system a. chaotic situation in spermatogenesis may
h a v e res u. 1 t e d t h u. s leading to in-fertility. This s t u d y a. 1 so
includes the gossypol effect on the Sertoli cells, to which the
developing germ cells are tightly associated. It is h o p e d that
this study may provide some fundamental information for further
studies of the mechanism of gossypol induced sterility at the
molecular level.
CHAPTER TWO
THE EFFECT OF GOSSYPOL ON
lactate DEHYDROGENASE-X
I. INTRODUCTION!
A. General Description of Lactate Dehyd r ogenase:
Lactate dehydrogenase (L-1actate-NAD oxidoreductase, EC
1.1.1.27, LDH) plays an important role in several metabolic
pathways! it is the centre of a delicately balanced equilibrium
between the catabolism and anabolism of carbohydrates. LDH is the
terminal enzyme in anaerobic glycolysis that promotes the
breakdown of glucose to lactate, and therefore it is essential
for the production of ATP. It is also involved in glucogenesis in
tissues in which lactate is converted to glycogen. Furthermore,
lactate is used as a. fuel in aerobic tissues, in which it is
oxidized through the c i t i c acid cycle and generates NADH and
ATP.
The existence of LDH in multiple molecular forms has been
well established (Wieland and Pfleiderer, 1957; Markert and
M oiler, 1959; Plagemann et a_l_., 1960). Although all the isozymes
may not be present in every tissue, the occurence arid quantity of
each isozyme in each species is relatively constant with respect
to tissue and to developmental state (Markert and Mollert, 1959;
Plageman et a? I960; Lindsay, 1963; Shaw and Barto, 1963).
Electrophoresis of LDH revealed a total of five active bands.
Their presence were due to tetramer ic hybrid -forms of LDH
composed o-f two parent su.bunit types (Appella and Marker t, .1961;
Cahn et a J_., 19 62). These t Vj o types of polypeptide chains have
baen referred to a s the H (or A) and M (or- B) s u b u. nits. T h e H
type is usual 1y isolated from cardiac muscle and is abundant in
tissues with aerobic respiration, whereas the M type, from
skeletal muscle, is abundant in tissues with anaerobic
respiration. The two homotet r arner s would then be H (LDH-1) arid
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M( LEH-5) and the hybrids are referred to as H M( L D H- 2), H M
4 3 2 2
(L.DH-3) and HM (LDH-4) correspond i nqly.
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The two tvDes of LDH subunits are different from each other:
in many respects. Significant differences exist in their amino
acid composition, helical structure. Km values, fingerprint
patterns, and other structural and kinetic properties (Pesce et.
a J_., 1967). The enzymes are distinctly different proteins,
although they catalyze the same overall reactions. Their vast
differences in structure indicate n o t only that they originate
from different genes, but that they are under control of two
distinct genes. This postulate is further supported by the fact
that the relative amounts of the two isoforms varies in
different tissues of the same species (Puck et sj_., 1971).
B. Discovery of La.ct_a._te DehvdrogenaseX:
In 196 3 an elect rophoretical ly distin c t form of L D H, LDH-X
was reported (Goldberg, 1963; Zink ham et aj_., 1963; Blanco and
Zink ham, 1963) in addition to the usual ones upon electrophoresis
in testes from man, rabbit, dog, mouse, guinea pig and rat. A
single band of LDH-X was observed in testes tram man, mouse,
rabbit and doq, whereas testes troro guinea pig, rat, pigeon and
b u 11 exhibited m u Itiple bands ot u n u. sal L D H activity( B 1 a n c o e t.
a., 1964; Zink ham e Jt aJ_., 1963; 1964; Geogiev, 1982). However,
Kolb et ay. (1970) found only one LDH-X band in bull spermatozoa.
The molec u 1 a. r weight o t L D H- X i n rn a t u re testes from pigeon,
m o u s e, r a b b i t and h u m a n were found to be s i m i 1 a. r to that o t t h e
other isozymes (LDH 1-5) (Starnbaugh and Buckley, 1967; Zinkharn et
a_l_• a. 1., 19 68; Schatz and Segal, 1969) and was reported to be
125,000 daltons. In Stambahgh's study, the rabbit isozyme had a.
si i g h t 1 y h i g h e r value, 150,000 (St arn b au g h and B u c k 1 e y, 1967).
T hi5 isozyme was believed to be a tetrapolymer o t a polypeptide
which is di-fterent tram but closely related to the A and B
polypeptides in molec u1 a r structure based on the finding t h at a
dissociation-association studies of the enzyme mixture from the
testis homoqenate gave rise to new bands of activity due probably
to different polymerization( Z i n k h arn et a-, 1963; Goldberg,
19655. The monomeric polypeptide, oh the C chain, might be formed
by de H2LZ2 synthesis or by posttranslational modification of the
A or B polypeptides. If a third gene for the synthesis of the C
chain exists, the cistron is presumably active only in the testes
and, more specifically, only active during spermatogenesis
(Goldberg a n d Hawtrey, 1967), The existence of more than one X
bands in some animals suggests either that these isozymes are
composites of more than one new polypeptide, or that the C
polypeptide has combined with A or B subunits. Although Zimkharn
e _t a. (1963) favoured the first possibility, results of
recombination studies on homoqenates from guinea piq testes
showed that one ot the unusual LDH band is a heteropolyme of A
and C chains, and possibly an A C combination (Battellino and
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Blanco, 1970b). Similar results were obtained by Geogiev (1982)
with LDH-X from bull sperm. Existence of on1y one C chain was
supported by the fact that only one LDH-X ban was tound in
epididymal and spermatozoa1 extracts from the guinea pig
( Ba11e11ino and Blanco, 1970b), whereas mu1tiple LDH-X bands were
found in the testes hornogenate o-f the same species (Zinkham et
al., 1963). It was proposed that only the C chain was synthesized
in mature spermatozoa so that polymerization with other subunit
types was impossible (Battellino and Blanco, 1970b).
C. Localization of LDHX in Mature Testis:
LDH-X accounted for 12% o-f the total LDH activty in human
testis (Zinknam et al., 1963). Goldberg and Hawtrey (1967) found
that LDH-X was localized in the germinal elements within the
mature testis while other LDH isozymes localized in the
interstitia 1 cells, they also observed that LDH-X activity was
first -found in developing primary and secondary spermatocytes.
The localization o-f LDH-X in the germinal elements was also
proved by the tact that approximately 90% ot the LDH activity in
washed human, rabbit, and bull sperm was LDH-X (Zinkham et al.,
1963; 1964). Furthermore, it was also shown that mature testes
trom guinea pigs in which aspermatogenesis had been induced
lacked LDH-X (Zinkham et al., 1964). However, recently LDH-X
was reported to be present also in the seminal vesicle and
prostate gland o t male mice (Holmes and Jones, 1979).
Subcellularly L D H- X was repo r ted to be predominant 1 ri t h e
mitochondrial fraction (Clausen, 1969; Batel1ino and Blanco,
1970 a; 1970b; DeDomenech et a J_., 1970; Bur khart et a J_., 1982) and
that the middle piece of human sperm where in i t oc hond r i a. were
f ou.nd, contained 4 1% of total LDH-X activity( C 1 au.sen, 1969).
The role of L D H- X in t h e germinal cells w a s s h o w n to be rn a i n 1 y
involved in e n erqy metabolism.
B 0njtoqe_ny of LDHX:
L D H- X was not present in prepubertal testes from h u. mans, b u. t
was seen in postpuberal testes (Blanco and Zinkham, 1963). In
rabbits, L D H-X first appeared at 8 weeks after birth with the
onset of spermatogenesis, whereas in testes from animals of 7
weeks or younger in which spermatogenesis was not evident, LDH-X
activity was not demonstrated (Z ink ham et aj_., 1964). In mice
LDH-X activity was first observed at 15 to 17 days postpartum, a
period corresponding to the first differentiative division of the
primitive germ cells (Goldberg and Hawtrey, 1967). Simi liar-
results were also found in rat (Sarkar et a_l_., 1978). It is clear-
that the appearance of LDH-X coincides with the initiation of
spermatoqeneisis and that formation of LDH-X begins prior to the
emergence of mature spermatozoa.
Unlike other tissues in which the relative amount of LDH
isozymes changes during development (Markert and Upsprung, 1962),
the amount of LDH in mouse testis remains constant, as revealed
by electrophoresis (Goldberg and Hawtrey, 1967). In addition, the
kinetic characteristics such as substrate optimum and specific
act i v i t y are un c h a.nqed w i t h gr owth (Goldbe r q an d Ha.w trey, 1967).
It seems that there is a highly specific developmental control
mechanis m r e g u. 1 at i nq the synthesis of L D H- X in s p e r rn a t o c y t e s
r ather t ti an a. simple differential rate of s y n t h e s i s of s u. b u n its.
The control of LDH biosynthesis in spermatocytes is achieved by
repressing the synthesis of A and B sub u nits and conco rn i t a. n t i y
activating the synthesis of C suborn it s (Goldberg and Hawt ray,
1967).
E. Pnoger tpe5 of_ LBHX:
A generalization of the properties of L D H-X from different
animal species is not possible because the isozyme behaves
differently in different species. The original basis for the
identification of isozymes was their unique electrophoretic
mobility. The mobility of L D H-X in various species was found to
be completely random and may depend on the cell type present in
the homogenate (Markert and Upsprung, 1962? Zinkham et a_l_.,
1964)For example, in mice, LDH-X is the most cathodic isozyme
(Goldberg and Hawtrey, 1967; Battel lino and Blanco, 1970); in
human sperm, LDH-X migrates between LDH-3 and LDH-4? and in
rabbits, bulls and dogs, it migrates between L D H-4 and L D H-5.
This indicates that the charge of the C subuni t, u.n 1 i ke that of A
or- B. is different in different species and tha. t the mobil.it' of
the LDH-X molecule varies simply according to its charge as found
in the tissue source (Hawtrey and Goldberg, 1970).
The major difference between the isozymes of LDH is in their
biochemical properties. Although they have approximately the same
molecular weight, pH optimum, and equilibrium constant, there is
a great difference in t he substrate affinity, specificity and
substrate inhibition susceptibility amonq isozymes (Zinkhsm et
a_l_., 1968). LDH-1 (A or H) showed a. greater substrate aff inity
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a n d a. g r eater s u. sceptibi 1 ity to substrate inhibition t h a. n L D H- 5
( B or M). T h e d if f erences can be a. s c r i b e d to t h e
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characteristics of the subu.n i ts because a d i rect d o s a q e
dependence with subu.n it composition was observed (Rous 1 in and
Bra.swe 1 1, 1968). L D H- X from sources other than t h e mouse a n d
human has been shown to resemble more to LDH-1 in many of its
kinetic characteristics, including substrate affinity, p H
optimum, temperature sensitivity and reactivity with lactate
analogs (Stambauch and Buckley, 1967). In those cases in which
the LDH-X isozyme does not resembled LDH-1, its value is an
intermediate between the two extremes for LDH-1 and LDH-5. LDH-X
isolated from human semen resemble more to LDH-5 in terms of pH
optima and the concentration of lactate required to saturate the
enzyme (Clausen and Ovlisen, 1965).
The mouse L D H- X i s u. nique1 w i t h respect to these
characteristics in that its response has extended outside the
range of other mouse isozymes and always show a value greater
than LDH-1 (Hawtrey and Goldberg, 1970). Allen (1961) was the
first to show that mouse testes and epididymis contained an
isozyme of LDH that demonstrated greater activity with (dl)~
a1p h s-hyd r oxybu tvr at e and( d 1) -alpha-hydrox y v a 1e r a t e than other
isozymes. This isozyme was found to be LDH-X (Zinkham et aj_.,
1964). Wilkinson and Withycombe (1965) demonstrated that LDH-X
from human sperm showed a markedly high affinity with alpha-
ketobutyrate and pyruvate than any o-f the other isozymes (Krn
value -for a 1 pha-ketobu tyr at e and pyruvate 0.18 and 0.05 rnM
respectively, as compared with that o-f 0.84 and 0.08 rnM -for LDH-1
and that o-f 10.0 and 0.83 rnM -for LDH-5 (Blanco et a. (1976)). He
reported the broad substrate specificity o-f LDH-X; besides alpha-
ketobutyrate and alpha-ketovaletate, LDH-X -from many species such
as the rat also reacts with alpha-ketog1utarate at a high rate.
Generally speaking LDH-X can use 2-oxo acid substrates with a
linear chain of 3 to 6 carbon atoms while ordinary LDH cannot
(Burgos et a J_., 1979). This unique substrate specificity of LDH-X
enables it to be assayed with alpha-ketovalerate or other 2-oxo
acids in the presence of other LDH isozymes (Kolb et a4., 1970;
Blanco et aj_., 1976; Tso and Lee, 1982f).
Reactivity with analogs of NAD had been used to distinguish
different forms of LDH (Kaplan e_t a_l_., 1960), and it was found
that LDH-X from human testes showed a striking reactivity with an
analog of NAD, acetylpyridine dinucleotide. This unusual rate of
reactivity was not demonstrated by the LDH-X from rabbit,
mouse,- bull, or dog (Zinkham et 1964). The ability of LDH-X
to utilize a 1pha-ketog1utarate and analogs of NAD is not likely
to be of physiologic consequence, since the concentration of
these substrates does not appear to be high enough in sperm cell
or seminal plasma (Kolb et aj., 197G).
The Km value of human testes LDH-X for lactate was
determined to be 25 rnM, a value greater than that of human M (18
+ 4
rnM) and H (2.9 rnM); while the Km for NAD was 0.83 mM, same as
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that of H but smaller than that of M (1.25 rnM), and the Km for
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NADH was 0.33 mM, as compared to that of 0.34 mM and 0.5 mM for
M and H respectivrly (Clausen and Ovlisen, 1965).
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LDH-X -from human testes resembles the heart isozyme in be i ng
st r o n qIy in hibi t e d by o xalate (0.2 m M, ac tivi ty 7 5% i n hibit ed
when alpha-ketDbu.tyra.te was used as substrate, 72% inhibited when
pyruvate was used as substrate) and affected to a srnal ler extent
by 2 M urea (the act i vi ty be i ng .1 2 a.nd 45% inhibited w i t hi
p y ruva t e and a 1p h a-k e t o butyrate as substrate, compared to that of
95 and 98% respectively -for LDM-5 (M)) (Wi lkinson and
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Withycombe, 1965).
The most striking difference between LDH-X and other L D H
isozyme is its thermostability (Starnbau.gh and Buckley, 1967;
Hawtrey and Goldberg, 1970). After treatment o-f the mice isozymes
at 65 C -for 30 minutes, LDH-5 activity was totally inactivated
and LBH-1 activity was 50% inactivated, while that o-f LDH-X
activity was not affected at all (Hawtrey and Goldberg, 1970).
R- Roi_e of_ LDH-X j_n t he Soerrnatozoa;
The -first proposed role of LDH-X is that of lactate
utilization (Baccetti et a_l_., 1975). It is well documented that
mammalian spermatozoa are capable of active aerobic glycolysis
and readily oxidize a varlety of substanc e s such as fructose,
qlucose, lactate, etc. (Mann, 1964); also it has been reported
that rabbit and bull spermatozoa were not inhibited by lactate up
to a concentration of 200 m M and the conversion of lactate to
pyruvate was not inhibited by ATP (Kolb et a_l_., 1970), it seems
that lactate and NAD are the preferred substrates of the isozyme.
Such a. proposal is supported by the fact. that sertol i cells
requ 1 ate t h e survival o -f pachytene sperm a. toe y t e s b y 1 a c t a t e
secretion( Jutte et. a. J_., 1982), and that exoqe n o u 5 1 a c t a t e is
essent i e 1 -for metabolic activities in isolated rat s p e r rn a t o c y t e s
and spermatids (Jutte et a_l., 1981). Moreover, it is known
that lactate is available in the -female rep r o d u c t i v e t r a c t
( B r a. c k e 11 a. n d M a. s troi a n n i, 1974). Exoqe n o u. s lactate is oxidized
to pyruvate by spermat oa 1 cytoplasmic LDH-X wit h t he produc tion
o -f N A D H, w hie hi c a. n b e u s e d for ener g y prod u ction t h r o u. g h t h e
electron trsanspor t chain. I n t h i s w a y the s p e r rn a t o z o a. rn a y
undergo glycolysis anaerobical ly. F u rtherrnore, the p y r u va.te
produced ma y be o xidiz e d further through the tricarbox y1 ic acid
cycle in the presence of oxygen. Measurements of the levels of
oxygen required by spermatozoa for respiration and motility _i_jn
y_i_tro and of oxygen tension in various parts of the male and
female reproductive tracts imply that true anaerobic glycolysis
in spermatozoa is not required and does not take place _i_n v]_yg
(Bishop, 19 65; Salisbury, 1 9 6 2 i Neva, 1965).
L D H-X was also proposed to take par t in a shuttle t h a t
transfers N A D H in cytosol into the mi tocho n d r i a 1; h i c h i s k n o w n to
be impermeable to NADU (Blanco et a J_., 1976; Mi 1kowski and Lardy,
1977; C1avin and Tubbs, 1978). The 2-oxo acids which are specific
substrates of LDH-X can act as acceptors of hydrogen equivalents
from NADH produced in the cytoplasm during aerobic glycolysis or
oxidation of exogenous lactate. The reaction is catalysed by the
'soluble1 LDH-X. The 2~hydroxy acids t h us formed, penetrate into
the mitochondria, w h ere the y c a n transfer the red ucing
equivalents to M A D of t h e mitochondrial pool in the reaction
catalysed b y mitochondrial LDH-X (Blanco et aj_., 1976).
G. Lactate DehydrDgenaseX and C o n t r ac t _io n:
Du.e to its specific location i n the testis, LDH-X has been
correlated wit h the reproductive p ro c e s s and as early as 1964 it
was noticed that L D H-X was not detected in subjects s ho wing
aspermia (Zinkham et a l_., 19 64; Clausen and Ov 1 i sen, 1965; Holmes
et a 1_., 1979? Greqor ie et aj_., 1972; 1973; Prasad et a_l_., 1976).
Recently, clinical assays o-f the LDH-X in semen have been used
in studies o-f -fertility and as an indicative parameter o-f the
quality of the semen. It has been observed that LDH-X is the most
abundant isozyme in semen of normospermic subjects, followed by
L D H-2 and L D H-3. And that LDH-X is reduced in proportion to the
reduction in sperm density and motility (Gonzalez Buitrago, 1981;
Gerez de Burgos, 1979; Prasad et aj_., 1976; Rotbol et a_l_-? 1969).
As early as 1967 immunochemical methods were used to prove
that LDH-X is structurally different from LDH-i and LDH-5
(Ressler et aj_., 1967). Immunization against LDH-X would open a
new way in contraception since it was found that female rabbits
immunized with purified LDH-X became infertile (Mi lie and
Goldberg, 1979). Similar experiments have been extended to
nonhuman primates such as baboons (P ayDjyo any. b j_5). Female baboons
immunized with human LDH-X produced low antibody titres, and
these titres were markedly enhanced by booster injections of
murine LDH-X. It was found that 74% of the female immunized
baboons became infertile, as compared to 28% of that of the
control (Goldberg et a J_., 1981a; 1981b).
Recently antigenic determinants of human and mouse LDH-X
were isolated (Boettcher, 1979; Gonzales-Prevatt et a_l_., 1982).
Th e mou.s e LDH- X antigen was isolated f r orn a tr ypt i c digestion ot
the whole protein. It w a. s f ou. n d to cornpr i se of amino acid
residues 152-159 and react with rabbit anti-mouse LBH-X.
Competition e x p er i m e n t s a n d exper ime n t s w i t fa a nt i bod y to t h e
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antigen binds I-label led rnou.se LDH-X demonstrated the
specificity of t his antigen-antibody reaction (Goniales-Prev a. 11
et a l_,, 1992). A peptide corresponding to LDH-X plus
152-159
additional N-terrninal glycine and C-terminal valine spacer groups
was synthesized and conjugated to bovine serum albumin. Rabbits
immunized with the conjugated peptide produced antibodies
specific for native LDH-X and that such a peptide has been
suggested to be useful as contraceptive vaccines (Goldberg et
a_l_., 1981b).
LDH-X is also correlated with contraception in that
gossypol, a male contraceptive, inhibited the activity of LDH-X
selectively in boar sperm (Tso and Lee, 1982c, Tso and Lee,
198 2 f). In the present study L D H-X was purified fro m r a t and mice
a n d the effect of gossypol on their activities were studied. It
is hoped that through these studies the contraceptive mechanism
of gossypol could be revealed.
I I MATERIALS AND METHODS:
A. Reagents:
All chemical reagents used in the experiments were of
analytical grade. The following reagents were purchased from
Siqma Chemical Co. (U.S.A.), sodium pyruvate; alpha-ketobu t y r ic
acid (sodium salt); alpha -ketogl u. tar ic acid (sodium salt); M A D H;
NAD; qossypol acetic acid arid D E A E- S e p h a d e x A -50 gels. Di-sodi u rn
h y drogen phosphate; sodium dihydrogen p h o s p h a t a e 2-hy dratej di-
potass 1 u rn h ydrogen phosphate a n d p o t a s s i u rn d i- h y droge n p h o s p h a t e
were purchased -from Merck Chemical Co. (West Germany). Ammonium
sulphate; ammonium hydroxide; and EDTA were purchased from
Mallinckrodt Inc. (Paris, Kentuck y, U.S.A.)
E. I_j5°J_a;tXcm of Lactate Dejny;d.r ogenase-X:
Isolation of LDH-X was done according to the method adopted
by Wong et aj_. (1971). The mice were sacrificed by cervical
dislocation, testes were removed and placed in ice-cold potassium
phosphate buffer, 0.05 M, p H 7.5. The tissue was then blotted
dry, weighted, and for each gram Df tissue, 2.5 ml of ice-cold
potassium phosphate buffer was added. The tissue was then
homogenized at 4 C with a polytron homogenizer (Kinematics.,
Switzerland) for 30 sec at maximum speed. The homogenate was then
centr if u.ged at 13,000 g and 4 C for 30 minutes in a Sorval 1 R C- 5
centrifuge. The precipitate was re-extracted with potassium
phosphate buffer, the supernatant fluid combined wit h the
original s u pernatant and referred to as t h e c r u. d e extract.
The crude extract was heated at 65 C for 15 minutes to
destroy LDH isozymes 1-5. The heated solution was then rapidly
cooled in an ice bath and the precipitate was removed by
centrifuqation. The supernatant fluid was referred to as t h e
heated extract. The heated extract was then brought to 25%
saturation with ammonium sulphate and precipitation was done at
p H 7. 0 v; i t h d i 1 u t e ammo n i urn h y drox ide at 4 C to r 4 5 rn i n u t e s. T h e
precipitate was removed b y centr i-f u qatio n a. t 1 3, 0 0 0 g to r 2 0
minutes and discarded. The supernatant, 9-25, was then brought
to 70% s a t u ration w i t h am m o n i u rn s u 1 p h a te at 7.0. W hi e ri
precipitation was complete, the sample was centr i-fuged as be-fore
, and the supernatant discarded. The precipitate was solubilized
with 35% ammonium sulphate in 0.05 M potassium phosphate buffer,
pH 7.4 and centr ifu.ged a.s be-fore. The supernatant -fraction, 9-
35, was enzymatically active.
9-35 was brought to 50% saturation w i t hi ammonium sulphate,
and adjusted to pH 7.0 with dilute ammonium hydroxide. The
enzymatical ly active precipitate was collected by centrif Ligation,
and resuspended in 0.0S M sodium phosphate buffer, pH 7.0
(P50). The F'50 fraction was c h r oma t og r ap hed on DE AE- 9ep h ad e x,
A- 5 0, eluted with 0.08 M sodi u rn p h o s p h a. t e buffer containing 0.001
M EDTA. The f r ac t i on at i on was carried out at 4 C with a. flow
rate of about 0.5 ml per minute and 5 ml fractions were collected
by a fraction collector (ISC0 company, model number 1850).
Fractions with high LDH-X activity were pooled and stored at 4
C.
The isolation procedure is shown in figure 2-1.
C. Preparation of Tissue'
The effect of qossypol on LDH activty of various tissue
hornogenates from mouse were assayed. The tissues were obtained,





































Figure 2-1. Isolation of LDH-X
D. Assay of LDH and LDH-X Activity:
Far measurement o-f LDH activity, the incubation medium
consisted o-f 2.8 ml o-f 0.05 M sodium phosphate buffer pH 7.5 with
0.326 m M pyruvate a n d 0.1 ml o-f 0.05 M sodium phosphate b u f f er
w i t h 4.5 mM NADH. The reaction was initiated by the addition o-f
0.1 ml o-f pur if ied enzyme or hornogenate preparation, which had
been diluted to give a reaction rate Linear up to at least one
minute. The change in optical density was recorded with an Varian
Car y 210 spectrophotometer at 340 nrn. When the effect o-f gossypol
was to be assayed, the volume o-f sodium phosphate buffer used was
2.7 ml, and 0.1 ml o-f 0.05 M sodium phosphate buffer with or
without gossypol dissolved at various concentrations was used.
For mice L.DH-X measurement, alpha-ketobutyr ic acid (-final
concentration 0.326 rnM) was employed instead o-f pyruvate.
Similarly, a 1 p h a- k e t o g 1 u t a r a t e (-final c o n c. 0.326 rn M) w a s used
for the assay o-f rat LDH-X activity.
The molar absorptivity -for NADH, 6.22 X 10 X cm rnole, was
used to convert the change in absorbanee into international LDH
unit activit y.
III. RESULTS:
A. Effect of Gossypo on LDH and LDHX Ac t_ jyv _t y J_n Mouse
lyssue Homogenat.es:
The effect of gossypol on mouse tissue hornogenate LDH and
L D H- X activities are q i ven in table 2-1 and f i q u. re 2- 2.
Among the various mouse t i s s u. e s, rn u. s c 1 e h a s t h e h i g h est
specific L D H a c t i v i t y, (2.86 I U rn q protei n, a i n t e r n at i o n a 1 unit
is defined as the amount of enzyme activity to oxidize one umole
MADH in o n e m i n u t e, o r t o red u c e o n e u mole N A D i n o n e rn i n u. t e
(Wong e t_ aJ_., 1971)). The specific activity of the other tissues
were heart, (1.42 I U rn g p r o t e i n), k i dney (1.14 I U rn g p r o t e i n),
testis, (1.04 11J. mg protein), brain, (0.77 IU rn g protein),
liver, (0.56 IU mg protein), spleen, (0.35 IU rng protein) and
pancreas, (0.24 11J mg protein).
The LDH act ivit y of all tissues were affected by gossypol at
high canceritrat ions. In general, gossypol inhibition was only
detected significantly at or above 10 M.
Figure 2-3 compared the sensitivity of LDH (total) to that
of LDH (X) from mouse testis homogenate. The X-isozyme was more
sensitive to gossypol inhibition and has an inhibition threshold
at a b o ut 10 M go s sy po1, whi 1e the total LDH activity of the
-5
testis showed a threshold at aba ut 3 X10 M, similar to t h at of
~4
o t h e r organs (Figure 2-2). F urthermore at 10 M gossypol testis
LDH-X was strongly inhibited with only 17.4% of the original
activity left (Table 2-1) while that of the other tissues had 40
to 70% of t h eir original activities. The total testis LDH
(containing LDH-X as well) was 25.8%.
Isd t i°n of LDH-X From Mouse Te s_t j_s and Effect of Goes
on the FLLJLf. Enzyme:
The result of isolation of LDH-X from mouse testis is shown
Figure 2-2. Effect of_ Sassvoj 022 LDH ac tyvyt.y_ Lll var.j_ous mouse
tyssue homogenat:es. The Y-axis shows enzyme activities in I LI
mq. protein (one TU is the amount of activity that oxidizes one
u.rnol. of NADH per minute). The X-axis shows concentrations of
g o s s y p o 1 i n rn olar. Reaction was c a r r ied out in 0. 0 5 rn M s o d i urn
phosphate buffer pH 7.5 at 25 C. Pyruvate (0.326 mMl was used in
assay of LDH activity while a 1 p h a-ke tabu, ty r i c acid (0.326 rnM) was
used in the assay of LDH-X activity. The final NADH concentration
was 0.15 rnM. Each point represents an average of a duplicate
experiment. At the scale used in the figure, t he duplicate points
are essentially undistinguishable. LDH activities of muscle
( 0), heart(), kidney(|~]) 3 testis( H? brain (A),
liver( A), spleen( O) and pancreas(®) are represented in
the fig u re respective!y.
Gossypol Concentration (M)
Tissue Brain Kidney Liver Muscle Pancreas Spleen Testis (total) Testis(LDH-X)
7o 66.0 47.2 56.8 53.4 40.9 46.6 25.8 17.4
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Table 2-1. El 222.1112 i_ LDH _i_n. t_li2 222221122 of_! M
3222222-1• T h e t ab 1 e s h o w s t h e p e r c e n taqe -f e n z yrn a act i v i t y
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r ern a. i n cd at 10 M qoss y p o 1. E n z yrn e act i v i t y i a e x pressed i n I U
m q. pr d tein. (one I U i e t h e am o u nt of e n z y rn e a c t i v i t y t hat
0 x idizes on e u.rr o 1• of M A D H per rn i n y. t e.) R e ac t i o n.) a s c a r r i e d c u. t
1 n 0. 05 rn M e o d i u rn o h asp h a t e b u. -f -f er dH 7.5 at 25 C w i t h e i t h e r
p y r u v ate,( 0„ 326 rn M) o r a 1 p h a- k e t b u t y r• i c ac i d( 0. 3 2 6 rn M 5
C o r r 0 s p o n d i n g 1- a s s u b s t r a t e. T h e f i n a 1 c o n c e n t r a t i n o f N A D H w a s
0,15 -n pi.
F i qu.r-9 2-3, 22L 33333E.3J. on t__h© ii3ili.3i_jk3. Si. khl JiHd
L B H_X _i_ n 3333£ _i_s h 23232333.3.» T h e Y- a x i s 5 h ow s t h e e n z yrna
d. c t i v i t i 0 s is h i I© t h© X- a. x i s s h d w s conce n t r a t i o n o-f goss y pol-
Reaction was carried out in 0.05 roM sodium phosphate buffer pH,
7, 5 at 25 C. P y r u v a t a (0.326 m M) w a s u sad in a s s a. y o-f LDH
a c t i v i t'; w fi i 1 a alp h a- k e t b u t y r i c a c i d (0.32 6 m M) w a s u. s a d i n t h e
a s s a y o-f LDH-X a, c t i v i t y. T h© -final M A DH co n c: a n t r a t ion w a s 0.1 5
rn M.
Gossypol Concentration (M)
iri table 2~ 2. LDH- X wa.5 pu.r i -f i ed 101 fold w h e n compar ad w i t h t h e
testis homogenate and have a specific activity of 1.1 IU mg
protein. The p u. b 1 is h e d v a 1 u. e of L D1-1- X f r orn rn o u. s e w a s 32.3 11J rn g
protein (Wong et a j_., 1971), but it does not enable cornpar ision
bee a. u s e t. h e r e p o r ted act i vi t y w as obtained by u. s i n g p y r u. v a t e as
c! i h. c f y- re -f zo
The effect o f g o s s y p o 1 on the p u. r i f i ed e n z y rn e is show n i n
figure 2-4. The control value of LDH-X activity was 1.41 IU rng
prctei n a n d inhibition b y gessypo 1 was not obvio u. s u n til reac h i n g
a concentration of 1.6X10 M, at such a concentration only 45% of
t he or ig i n a. 1 ac t i v i t y r em a. i ned.
C. l_soj[at j_on of Tes jt_i_s a_nd kit® 2.£
GossypioJ_ on the Pair if. _i_ed Ejnjzyme•
The results of isolation of LDH-X from the rat testis is
s h o w n in fig u re 2-5 and table 2~ 3. T h e r a t t e s t i s e n z y rn e w a s
our if ied 118 fold f r orn t h e h omogen at e and had a spec i f i c ac t i v i t v
of 8.27 IU rng protein.
Purified LDH-X from rat testis was tested for gossypol
i n h i b i t i o n, a. n d f o u. n d to h a v e a n i n h i b i t i o n t hi r eshold a t 6 X 1 0 M
(Fig u re 2-6 wherer 87,8% of LDH- X a c t i v i t y r e rn a i ned. At 1 0 X
M gossypol the enzyme activity was reduced to 46% of the control
v a 1 i j. e (0.3 IU mq prctei n).
Tab 1 0 2-2= Sf. kkklLk kit—ID. niSDitas. i§§il§ Enzyme
spec if ic activity is e x p r e sseb i n I U rn q. p r o t e i n w h lie enz y m e
a c t i v i t y is express© d i n I U. Ass a y o -f e n z y rn e set i v i t y w a s c a r- r i e d
□
o u. t in 0.05 rn M s o d i u. m h o s h a. t e b u f -f e r p H 7.5 at 25 C. P v r u. v a t eit i
' 0. 32 6 rn M N o r a I p. h a-!-•: etob u. tyr i c acid (0.326 rn M) w a s u. s e d





















































Since the activity of the homogenate fraction was too low, the value in parenthesis is calculated
on the basis of the crude extract as a reference.
Figure 2-4. E££ect ot gossypo 1 on p u r i -f led mouse LDH-X
sc j_ v_i__t v• React ion w a s c a. r r i e d o u t i r 0. n 5 rn M s o d i u. rn p hosp h a. t e
o
bu.-f-fer pH 7.5 at 25 C- Alpha- k etobutyr ic acid (0,326 mM) was
u. s e d a s s u. bst r a. t e. Th© f i n a. 1 M A D Hi cone e n t r at i o n w a. s 0.1 5 m M.
Gossypal Concentration (M)
Table 2-3. 2l LidzK £l22EQ. ritestj_s. Enzyme
snecif i c a c. t i v i t v i 5 0 x r 0 5 5 0 d i n I U' rn q» d r o t e i n w hi la t a t a 1: .'3- X
0 n z y rn e a c t i v i t y i s 0 x p r e s s ed i n I U. Ass a y o -f e n z y me act i vi t y w a. s
Q
c a. r r i e d o u. t in 0.05 rn M sod i u. m h a s h a. 10 b u -f -f e r p H 7.5 a. t 25 C.1 3 1
A 1 p h -3.- U e t o 9 1 u. t a. r i c ac i d( 0. 32 6 rn M} w a b u b e d a a b u. bst r a. te. T h e






















































































Figure 2™ 5. RilSdLiJL® EbL JliLt LXlHllE 2H _L£tI
50_)_ coXurn-- Pur i f i c at i on or LDH-K wa.s er f r rned a.s described i n
rna.t ©r i a 1 5 and m01 hods, 3,0 rn I o-f f r ac t i on P-5G was c ha.r qed on t o
a D E A E-Se p h a d 0 x A- 3 0- I y. rn n (1.5 X 4 0 r rn) a n d 0 1 u. t e d w i t h 0. 0 8 n
sod 1 u rn PI; c s p h a t e b u -f -f e r con t a i n i n g 1 rn M EDT A. F r a c t i o n at io n w a s
c a rried c u. t a t 4 C w i t h a f io w r a t 0 o -f a bout 0,5 m i p a r rn i n u t e
a n d i r a c t i o n s o -f 5 rn 1 w e re coll ected b y a tract ion coll ec to r
( I SCO Co.), Pro t e i n c o n c s n t r a t i o ri 1 s e x p r eased i n abso r b a n c e a t
200 n rn,
E n z y rn e a c t i v i t y
P r o te1n cone„
Fraction Number
Fiqu.re 2--6. af_ 32S5VDoj_ o_n ra t_ LDH21 sc _t _i_v,
R 0 a. ct in n w a s c a r r ied o u. t i n 0. 05 rn M sod i u. rn p h osphate b u. t ter p H
7. 5 a t. 25 C. A 1 p h a- k a t o g 1 u tar i c acid (0,326 rn H) w a. s u. sad a s
s u. b b t. r a. t e. T h e -f i n a I M A D H c o n c a r t r a t i o n w a s 0. i 5 rn M.
Gessypoi C once n tration C FV1 3
IV. DISCUSSIONS:
A. Effect off Gossypaf on LDfj s AcUvf tv a± VajMoLlI
Mouse lissue £-s•
The L D hi activities in mouse heart and muscle were -found to
be higher than that amonq the various ot her organs (2.9 and 1.45
I U mq. pr o t e i n respectively, -figure 2-2). Both tissues are known
to have a high metabolic rate and high LDH content. The kidney
has a specif ic activity of 1.14 TUrog. protein. it is revealing
t h a. t as u bstantial am o u n t o -f e n e r g y is needed -for f i ltratio n a. n d
osmoregulation in th e kidne y.
The spec ifio activities of L DH-X and LDH(total) in the
testis were 0.52 and 1.04 lUmg. protein correspondingly. The
actual percentage o-f LDH-X in the testis is not known in this
study since their specific activities obtained were assayed with
different substrates. It has been reported that LDH-X accounts
for 12% of total LDH activity in human and rat testis (Zinkharn
e_t al., 1963? Clausen, 1969). A relatively high LDH ac t i v i t y i n
the testis (ranks the fourth highest in this s t u d y) implies t h a t
testis consumes a considerable amount of energy. This energy is
probably utilized for the rapid growth and differentiation of the
germinal elements. A low LDH activity in bo t h t he p a n c r e as and
the spleen rn i g h t i n d icate that the o r g a n s are not having too m u c h
heavy me t a b o1 io activities.
LDH-X was found to be more s e n sitiv e to gossvpol inhibition
-5
and to have a threshold at less than 10 M. Only 17% of the
-4
original activity remained at 10 M qossypol (table 2-i). Testis
total LDH activity has a higher threshold. Since LDH -from other
organs were inhibited only slightly at t his concentration, the
ef-feet D-f gossypol seems to be specifically acting on testis.
This unique susceptibility o-f the testis enzyme to gossypol
inhibition may be related to the contraceptive effect of the
compound.
B. Isolation of. LDH-X From Mouse Tesjt_i_s and t. h e Effect
of Gossyggi on thj_s Purified Enzyme:
LDH-X was purified 101 fold from the testis homogenate with
7.0% recovery (table 2-2). There is a discrepancy between the
sensitivity of the LDH-X present in the homogenate and of the
purified enzyme. The homogenate enzyme has an inhibition
— 6
t h r esho1d at 6 X 10 M whi 1e that of the purified enzyme at
-4 -4
about 10 M (At 1.6 X 10 M gossypol, 46.5% of original
activity of the purified enzyme remained, while only 17.4% was
-4
retained in the homogenate at 10 M gossypol). Furthermore, a
~7.
slight stimulation at 1o w concentrations of gossypol (3.2 X 10
-6
M to 3.2 X 10 M) a 5 previously reported was observed in
purified enzyme( Tso and Lee, 1 982f). Th i s feature was riot shown
in the homogenate. It is probable that the activity of the enzyme
or the behaviour of the enzyme towards gossypol inhibition may be
affectecd by some unknown factors so that different results were
obtained for the homogenate and purified enzyme. The unknown
factor might be the enzyme protein carboxyl rnethyla.se (PCM) which
alters the activity of LDH-X through methylation of the latter.
In the homogenate, factors might exist (or in the presence of
qossypo 1) wh i ch wou 1 d increase t he activity of protei n carboxy 1
met h y 1 ase so th a t LDH-X ac t i v i t y w h i c h i s r eg u. 1 a t e d b y p r o t e i ri
carb o x y 1 met h y 1 a. s e is mo r e v u. 1 e r n a. b 1 e to goss y p o 1 inhibition, I n
the pur i-f ied en zyme p repa.r a.t i on. p r o t e i n c: ar boxy 1 me t hy 1 a.se has
been r e m o v e d a n d LDH- X a. c t i v i t y is no 1 o ri g e r r e g u. 1 a. t e d b y i t a n d
t h e r ef ore t h e p u. r i f i d L D H- X i s n o t s o v u. 1 n e r able to goss y pal
inhibition as a. consequence o-f the absence of PCM activity.
C. Isolation of LDH-X from Rat Testis and the Effect
of Gossvpol on this Purified Enzyme:
W n q e_t aj_. (1971) reported that mouse LDH- X u. ses alp h a-
k etobu.t y rate more efficient 1 y than p y r u. vate whi le alp h a-
k etoqlu. tarate is much less effective as subs t. rate, T hu.s alp ha-
ketobutyrate was used as a substrate for the mouse isozyme while
a 1 p h a-ke t oq 1 u. t ar a t e was used for the rat isozyme in the present
study since the latter compound is a much better substrate for
ft
the rat isozyme (Scha.tz and Segal, 1969), We will not attempt to
compare the specific ac t i v i t y o ~f the LDH- X s p u. r 11 i ad -fro ro rn o u. s e
and rat as diH-erent substrates had been used and that eH iciency
for d i -f f e r e n t s u. b s t r a t e s ma y be d i -f f a r e n t (So h a t z and S e g a 1,
IPAQ)JL v—•.• r
The purified rat LDH-X s h o we d an inhibition threshold
—Cj
at 6X 1 0 M qossypo 1 w i th 87, 3% of the ac t i v i t y 1 c-f t( f r orn G. 30
-4
11J m q. protein to 0,267 IU nig. p r otei n), At 10 M qossypo 1 t h e
enzyme a.c t i v i t y w a s f u. r t ti e r reduced to 46. 3% of t h e control
v a 1ue (from 0.30 IU mg. protein of the control v a 1u e to 0.149
丨 香 港 中 文 大 學 圆 書 龍411“ ‘1“
IU mg. protein). Unlike purified mouse enzyme no slight
s t i m u. 1 a t i o n at lot; g o s s y p o 1 concent r e.t ion was observed. As far as
ou.r if ied L D H- X is conce r n e d. t h a t f r o rn t h e r a t i s rn o r e s e n sitivei
than that from the mouse. We do, however, point to the fact that
o u. r percentage of reco v e r y i n b o t h e n z y rn e p r e p a r a. t i ons w as low,
24,7% in mouse a.nd 7.5% i n ra.t,
The rn o 1 e c u. 1 a. r mechanism of gassy pol inhibitia n i s n o t k n o w n
and it might be related to the increased hydrophobicity of the
looped region in the L D H- X molecule. Pan e t a. 1.( 1 9 S 0) reported
that the c a. t a 1 v t i c a 1 1 y i rn o r t ant flexible I o o region of the L D H-•' i»...
X molec u 1 e w h ich s h o w ed g r e a. test move rn ent d u r i ng catalysis w a s
markedly different from that of the LDH-M and LDH-H. More than 7
differences out of 16 r e sidue s in the looped region were observe d
between t h e mouse C and A or B s u bunits. It was a. 1 s o suggested
that these substitutions appeared to increase the hydrophobicity
of the 1oooed reqion in the LDH-X molecule so that the LDH-X: —
molecule showed broad substrate s p e cif icit y, 1ow t umover n um b e r
and marked thermal stability. An increase in the hydrophobicity
of the molecule favours its interaction with gossypol which is
highly soluble in organic solvents, Upon interaction with
gassy pa 1 t he move rn ent of the loop e d r eg i an i n LDH-X i s h i n d e r e d
so that the react ion rate mig h t be reduced.
Alternatively, gossypol may adhere to sites o t her t h a.n t he
looped reqion of the LDH-X molecule. It may be that the amount of
site being attacked by qossypo1 is direc t1y related to the
efficiency of enzyme catalysis, and that a. 1 o w n u ruber of gossypo 1
interaction has actively converted the enzyme to an even better
than natural catalysis state but this situitation is rapidly
rpvprsed w h e n h i qher n u. mb?r s o -f g o s s y p o 1 a r e i n t e r acted. 1 h 1 s
explains t h e b i p h a.s i c n a. t u n e o-f qossy pal e -f f e c t o n t h e mau. se
iso z yme.
Ae i n d i c a. ted i n t h e r ale a f LDH-X i. n ex age n ou.s lactate
u.t.i 1 i z a t i o n a n d in a s h u. 11 1 e t r a. n s -f- e r r i n g red u. c i n g e q u i v a 1 e n t s
into the spe r rn a t o z a 1 rn i toe h o n d r i a, a n i n h i b i t i o n o -f LDH- X
act i v i t y w o u. id the r e f ore i n t e r t e r e wit h t h e act i v i t y o -f t h e
enz yro e r e s u. 1 t i n g i n a. r edu.ct ion o r a. r rest i n e n e r g y prod y. ction.
The acute spermicidal J_ jo riO of--feet o-f gossypol arid its chronic
contracsot i ve effect rn a y be d u e to its i nterf errence of the
energy supplying process through its action on the LDH-X
molecule. Alt h o u g h e n e r g y s u p p 1 y rn a y not be the only f a. cto r
governing spermatozoa 1 motility (T s o and Lee, 19 8 2 d), it
c e r t a i n 1 y pi a ys a role in t h e p h y s i o 1 o g y o-f- the spermatozoa.
Since th process a-f spermatogenesis involves a rapid growth and
differentiation o-f the developing germ cells, the development
depends heavi 1 y o n a.n ad e quate supd 1 y o-f ene r gy derived p r bab 1 y
-from the sertol i eel Is which secret lactate as an energy source
(Jutte et aj_., 1931 1982). The proposal is also supported by the
finding t h a t exogenous lactate stimulates orotei n s v n thesis in
r o u nd spermatids isolated -from t e s t i s( N a k am u r a et a_l_., 1931).
Inhibition of LDH-X b y g o s s y p o 1 w o u Id i n t e r -f e r e w i t h t in e process
o-f energy p r oduct i o n in the develop i n g g ve r rn eel Is a. n d t h u s t hi e
process o-f spermatogenesis might be interfe r ed so t h a. t a
spermicidial effect developed.
Since the threshold o-f t h e p u rif ied mo u s e enz y rn e was f o u n d
to be higher t. h a n that o-f t h e rat i s o z y me, rn e c h a nisrn r eg u 1 at i n g
the activity o-f LDH- X rn i g h t be d i f f e r e n t i n t h e two species and
gossypol may affect the two species differently as far as its
action on LDH-X is concerned
CHAPTER three
EFFECI OF GQSSYPQL ON PROTEIN CARBOXYL METHYLASE
I. INTRODUCTION:
A. n_IIClIO.1.011 .i. Ra|D_]i_d P2.§.ll.E:J25Xa_
tional Protein Modification System:
Protei n c ar boxy 1 met hy le.se( S-a.denosy 1- L -rnet h i n i ne l p r at e i n
carboxyl -O-rfiethyl transferase, EC.2. 1.1.24) (PCM), an enzyme
involved in the met h y 1 at i on of protei n s u. b s t r a. t e s a. t t h e c a. r b o x y 1
g r o u. p s vi a. s -f r i s t shown to b e r e 1 a. t ed to s u. oh cell u. 1 a. r p recesses
as bacterial and leukocyte chernotax i s (Haze 1 bau.er 5 1979? Kort et
al., 1975? O'Dea et al., 197S? O'Dea et aM., 1978b? Pike et aU.?
1978), endocrine gland exocytosis (Di 1 iberto et a_l_., 1974?
Dili be r t o et a X., 1976) and sper rn at az o a 1 m o t i 1 i t y r e g u 1 a t i o n
l
(Gaqnon et a 1., 1979c).
The methyl ase activity was obse r v e d i n b o t h p r o k a. r y otic a n d
eu. karyotic cells (Gagnon et a j_., 19 79b). It methyl at es the free
canboxy 1 groups of aspartyl and glutamyl residues of specific
methyl acceptor proteins( M A P) using 8_ a d e n o s y 1 met h i o n i n e as t h e
methyl group donor, leading to a neutral ization o f th e n eg a tiv e
charges on the surface of the MAPs. This alteration may give rise
to a conformational c h ange in the MAPs so that it ind uc es a
change in the receptor protein or in the fluidity of the plasma,
membrane (Gaqnon et a_l_., 197 9b). The methylated protei n (s)
s u b s e g u e n t 1 y serves a s a. s u. bs t rate for the second enz v rn e of this
methylation-demethylation system, the protein methyl esterase,
w h i ch remove the methyl g r u p„ E y w o r l i n q i n a. cycle, t h e t w o
enzymes generate a convenient means o-f regulation to existing
proteinous moieties so as to set up) an on and oft mechanism
b y w h i ch cell u. 1 a r processes can be rap idly and or transient 1 y
control led.
The methyl acceptor proteins (MAPs) are the common substrate
of both enzymes. In bacterial chernotaxis process, the substrates
being specifically involved i n t in e transd u ction of s e n s o r y s i g n a 1
a.re kncwn to be the Methyl Accept! ng Chernotax is Protei ns or MCPs
(Engstrom e_t a _1_., 1980). A schematic diagram showing the role of
protein carbox y1 meth y1 atio n in the transduction of 1 ig and-
receptor interaction to cellular responses is given in figure 3-
1.
B. Character j_zat._i_oi2 of the EllSJlii-Lll C§rboxfmethfatfon System:
Protein c arboxy 1 methylase have been purified from various
sources (Di liber to ejt a J_., 1974; Cusan e_t a_l_., 1981; Trivedi et
aj_., 1982). The enzyme is composed of subunits reversibly
dissociable w i t h guanidini u m chlo r ids- or u. r e a or- b y f reezing( K i rn
e t. af., 1978). The rnolecul a r w eight of PC M f r orn v ar ions so u rces
in' ere reported to v a r y f r om 16,000 to 48,000 d a 1 t o n s, w i t h 25, 0 0 0
as the most stable entity. All classes of the enzyme a re active
(Kirn et a_l_., 1978). The enzyme isolated from rat testis with a
molecular weight of 25,000 d a 1 t on s and h as a S t ok e 1 s r ad i u.s of
22 A and a sedimentation coefficient of 3.2 8 (Cusan e_t af_„
1931).
Figure 3-1= A scheme Il£P_resen__t i_jogs the jroje of £.11_te_i_rt £ajbcxL.
EQ£i.li£j-££.X£i2 §-HiL d_eme SilL -ill jG££H£iibc j_ jo_n SlL J_£3£i2ilz
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In a. d d i t ion to a. difference in rnoiec u. 1 a r w eight, a.
difference in charge was also reported in PCM obtained from
var ions sources s h o w i n g rn u 1 t i p 1 e peaks with pi v a 1 u. e s r a.nqi n g
from 5.5-6.5 when subjected to isoelectric focusing (Kim et al.,
1981).
The enzyme is highly specific for S-adenosv1 methi on ir e
(SAM) as the me t hy 1 qroup donor( K i rn e t a. 1.. 1901). tp=. fr-n v0 1 m 0
for SAM lies f r-om 0,9 t p 3 p.M. d onend i ng on the source of t he
enzyme. S-adennsyl ethionine is or1• 2.4% as efficient. (Kirn et
aJL.. 1 9 8 1). The spec if i c i t y for p o 1 y peptide subs t r ate is ver y
b r o p. d w i t h Km v a 1 u e s r a. n g i n g bet we© n u M t o rn M u nits. T h e
rn o I e c u 1 a. r we i g h t o f M A P also varies great 1 y a n d protei n 5 with t h e
same pi values may have different acceptor capacities. It is
f o u n d t h at de n a t u red proteins s u c h a. s g e 1 a t i n a. n d oxidized
pancreatic r i bo n u c 1 e a. s e a r e g ood a c c e ptors( K i rn a n d P a. i k, 1981).
The optimal pH f o r most p r otein substrates is 6. 0( K i rn a n d
P a i k, 1978) a nd that f or gelatin is reported to be 5.2!( C u s a n et
I
aj_., 1981).
K i net i c m e c h a n i sm of the e n z y rn e f r orn calf t h y rn u s folio w s a
se quen t i a. 1 r an d orn rnec Pi an i srn. The e n z yrne d oes n a t r e qu ire a.ny
cofactor and its activity is not affected by ionic strength
differences (Kim and P a i k, 1978? C u s a n et a. 5 1981).
C. Cellular Localization of the Protein Carboxvlmethvlat ion
System:
Protein cs.rbo x y 1 methyl ase is widely distributed i n
biological systems and is mainly cytosolic except in the
pituitary where it is partially membrane bound (Kirn and Pa. iU,
1P7S). It is -found in chernotactic bacteria such as E.CoJ_i and in
various mammalian tissues such as the brain, pituitary gland,
testis, the adrenal and parotid glands (Di 1 iberto et aj_., 1976),
the pancreas (Gi 1 1 i land e_t a l_., 19S0), arid in eel Is such as
spermatozoa (Bouchard et a_l_., 1980? Gordeladze et a_l_., 1982),
leukocytes (O'Dea. et a_l_«. 1978b), erythrocytes and platelets
(O'Dea et a l_., 1978a). In mammalian systems, the brain has the
highest PCM specific activity and the pituitsry has t he hig hest
MAP c a.p a c i t y w i t h the pit u i t a r y h o r m ones a s good substr a t e s -f o r
P C M (Dil iberto e _t a_l_., 197 4).
The specific activity of PCM in the testis i s rn u c h h i g h e r
t h an that of o t her organ s and tissues. The PC M activit y in t he
testis is f o u n d t c b e rn a i n t a i n e d b y testoste r one( G a qnon et a_l_.,
1 979) and a d a i I y injection of 3 rn g test as t e rone prop i d n ate c a. n
prev e n t t h e dec r ease of PC M act i v i t y i n h y poph y sectornized r a. t s
w h lie i t s ac t i v i t y i n other org a n s sue h as t he pi t u i tary is n o t
ft
a. f f e cted b y h y p o p h y s e c t o rn y( G a g nan et a_l_., 1979).
In rat, the PCM activity increases between 18 and 45 days
after birth, reaching a plateau at 3 months. This suggests that
the rise in PCM activity may be associated with maturation of the
germinal elements. It was found that in the testis 70% of PCM
activity is localized in the seminiferous tubules and the
rem a i n i n g 30% i n t h e L e y dig cells. Wit h i n t h e t u. b u. 1 e t h e
sper m a t ids h a d the h ighest specific act i vi t y w h l i e t h e specific
activity of PCM in the Sertoli cells was very low (C u.s an et a j_.,
1981? Gagnon et a_l_,, 1979). In spermatozoa, the activity of PCM
decreases with sperm maturation (Bouchard e_t a_l_«, 1980) while PME
activity and MAP capacity increases with maturation. The increase
in MAP capacity was -found to be higher in the sperm head than in
the sperm tail (Bouchard et a_i_., 1980). This implies that protein
c a r b o x y 1 m e t h y 1 at i o n rn a. y control other cellular processes in t h e
spermatozoa other than cellular motility. In rabbit, along with
a n i n c r e a.s e i n MAP ca.pac i t y d u ring maturation, the specif ic
activity o-f protein met hy 1 ester ase also increases (Bouchard et
a_l_., 1980). In spermatozoa, protein methyl esterase has been
detected in rabbit but not in rat (Bouchard et a_l_., 1980).
Protein car boxy 1 rnethyla.se has been pu.r i tied -from the testis
a.s well as the spermatozoa, of the rat. In the testis PCM consists
of s e v eral specific c ha r g e isomers whic h c a n be separ ated b y io n-
e x c h ange c h r o rn a t o g r a p h y. A to t a. 1 of t h r e e a c t i v i t y pea k s w e r e
f o u n d on ion-e x c h a nge c h r o rn a t o g r a p h y a n d i soelec t r ic foe u s i n g
w i t h pi values of 6.1, 6.7 and 7.35 r aspect ivel y( C u s a n et a_l_.,
1981). The existence of specific charge isomers different from
those in o t h e r t i s s u e s was i n d i catad by t h e great d i f f erences i n
I
pi values between testis isozymes and that of PCM isolated from
ot her sour ces( Cusan et aJ_., 1981). The r at pit u i t ar y en z yme
p re p a ration revealed peak s whic h co-migrated at identica1 p H
v a 1 u e s i t h t h e most acidic peak (pi 6.1) predo rn i n a ting, w h i 1 e
rn u 1 t i p 1 e pea k s w e r e f o u n d i n t h e r a t e r y t h r ocyt e s w i t h pi v a. 1 u e s
of 4.9, 5.5 and 6.0. The PCM -having pi values of 6.7 and 7.35
w e r e r eqarded as i s o rn ers specific to the testis( C u s an et a I.,
193 J).
The specific activity o-f protein rnethy lestetra.se is h ighest
i n t h e k i d n ey. Its a ct i v i t y i n the liver is also h i g h( G a g n o n e _t
a_l_., 1979b). The enzyme has a molecular weight of 29,000 da 1 tons
and w a. 5 s u. ggested to b 0 partial 1 y rn 0 rn b r a n e bo u. n d since its
act i v i tv is -found to be elevated i n the presence o -f non ionic
detergents (Gagnon et a J_., 1979b). The pH for optimal activity is
broad and 1 ies from pH 4.5 to 6=5 (Gag non et aj_., 1979b).
I n v a r i o u. s t i s s u e t y p e s, the protei n c a. r b o x y 1 rn e t h y 1 a s e a. n d
protein met hy1 ester ase hold a reciprocal relationship. Kidney
has a Idw PCM spec i f i c: ac t i v i t y bu. t a h i gh PME ac: t i v i t y, wh lie
the brain and the testis has the dddos i t e r e 1 a. t i o n shio( G a q n o n e t
a., 1979c).
T h e m e t h y 1 accepto r p r- o t e i n s a. re specific s u b s t r at es f o r
both enzymes (PCM and PME) men t i oned above. Th0y ar e u.suall y
membrane bound. Ideally the methylated substrates functions as a
part of eel 1 u 1 ar se nsor y t r an sd uc t i on mac h i ne r y or a. ceil u. 1 ar
regulating unit and play an important role in the regulation of
cellular processes (Gagnon and Heisler, 1979; Springer st aj_.,
1979). The a c t i v i t y o f t h e M A P s or M CPs rn a y be a 1 10 r 0 d t h r o u g h
n e u tral i zaticn of t h e s u r f a c e n e g a tive c h a r q e s w i t h o r w i t h o u. t
confor rn a. t ional c h a nge( 0' D e a et aJ., 1 98 1 5. T h e r e a ction is r a.p i d
and reversible, m o r e o v 0 r, the rn e t h y 1 e s t e r s f o r m e d i n 0 u k a r y otic
s y s 10 rn s are more labile t h a n t h ose i n p r o k a r y otic syete m s
especially in a1k aline p H, this implies t hat t he MA P s c an go b ack
to their or igi n a 1 s t a. t e r a p i d 1 y w i t h o r w i t ho u t t he aid of P M E.
Substrate specificity in eukaryotic systems is quite broad
w h i 1 e in c h e rn o t ac tic b a. c t e r i a s u c h as E. Co_l_i o n 1 y t h r e e M C P s a r e
rn eth y 1 ated( S i 1 v e r rn a. n and Si rn on, 1977; K o r t et a_l_., 1975). The y
a r e t he g e n e products a f the c h e rn o t a x is specific genes c In e M, c h e D
a. n d c heZ of molsc u 1 a r w e i g h t s 6 1, 00 0. 64, 000 and 24,000 d a 1 tons
respect i. e I y( S i 1 v e r rn a n a. n d 9 i m on, 1977; Sp r i n ger et aj_., 1979;
Hazel bauer, .1979? Hazelbauer et aj_,, 1981b). Adaptation in
chemotaxis is correlated with methyl ation or demethylation of the
MCPs and each protein migrates as a characteristic set of
m u. ltiple bands in sod i u. m d o d e c y 1 s u. 1 -f ate po 1 y a c r y 1 am i d e gel
electrophoresis (BeFranco and Kosh 1 and, 1980; Engstrorn and
Haze 1 b a u. e r, .1980). It is proposed that in t h e g e n e p r a d u. cts of
the cheM and cheD genes at lea.st four methyl groups are
introd u. c e d per molecule to give a total of five b a n d s( D e F r a n c o
a n d K o s h 1 a n d, 1 980) a n d t hi a t the d 1st r i b u. tion of labelled
r ad i o a.c t. i v i t y am o n g the b a n d s is date r m i n e d b y t h e total e x t e n t
of met. hy 1 at i on( E n gs t r om and Ha.z s 1 bauer, 1980). The sep aratio n af
the b b. n d s a p p ears to c o r r e s p o n d to a molec u. 1 a r w e i g h t d i f f e r e n c e
of 1 5 0 0 5 prabab 1 y c a u. sad b y t h e b i n d i ng of d if fere n t arn o u. n t s of
d o d e o v 1 s u. 1 f a t e molec u. 1 e s a s c a r b o x v 1 g r o u s a r e rn o d i f i e d.
Recently, Hazelbauer et a 1_. (19813.) proposed that there should be
3. t 1 e a s t one o t h e r w a y besides e x t e n t o f rn e t h ylatio n i n w h i c h hi C P
molecu1es oan be dif f er en tiated and t hat the MCPs probab1y
p r e s e n t i n m c r e t h 3. n one subclass.
D. Eoss_i_b_l_e Eoi.o of the ProtoJ_n Csjgbo_xy_l_met.h.y 1 atj_on System 1
- The orooosed f_uj20t._i.022 of EilOjtej_22 oa.22box.yj_ met..hy_Li2oe _i_2i
o £_l_i_u J_a22 se c_220 t _i_o n P r otein carbo x y 1 rn 01 h y 1 as e ac t i v i t y, b e 1 n g
observed very a b u. n d a n t i n n e u r a. 1 and endocrine t i s s u. 0 s 5 h as be e n
suggested to t a. k e p a r t i n t hi e processes of sec r e t o r y g r a n u 1 e
ackaqinq and release, orobablv through its action on different
M A P s o r b y t h 0 action of differs n t enz y rn e i sof o r rn s.
As there is a, change in charge involved in the methyl at ion
process, it is s u. ggested t h a. t s u. c h a c h a. r. g e m a. y f a. c i 1 i t a. t e a.
f u sian of secreto r y g r a. n u 1 e and pi a as rn a. rn 0 m b r a. nes d u. 0 to a.
reduction o -f electrostatic b a r r i e r b e t w e e n the rn e rn b r a n 05. The
contents o f the sec r e t o r y g r a. n u 1 e s a r e r e .1 e a. s e d u. pan f u. s 1 o n o f
the two m e m b r a nes, a -f t e r w h i ch q r a n u 1 e memb r a. n e i s r e trie v e d
thro u g h d e m e t In y 1 a. tic n o f t h e rn e t h y 1 a ted s u. r face p r ots i n s
( Str i 11 m a 11 e r et a J_., 1978),
In the adrenal medulla, anterior and posterior pituitary
blood platelets a nd the pa r o tid g1 a nd, t he m ajo r s ub s tra tes f a r
P C M a re localize d w i t h i n vesicle s w hi 1 e rn o s t o -f P C M act i vi t y i s
distrib u t e d i n c y top I a s m( G a g n o n et a j_.? 1979), 11 is possible
t h a t c a. r b o x y 1 met h y 1 a. t i o n o -f t h e i n t r a g r a n u 1 a r p r otei n s t a. k e
p 1 ace pr i or t o t he enc 1 osu.r e o-f t hese p r o t e i ns i nside t he
secret o r y g r a. n u. 1 e s, c a r b o x y 1 rn e t h y 1 a. t e d i n t r a. g r a n u. 1 a. r p r otei n s
p r oba.b 1 y rep res e n t t e rn p o r a r i 1 y i n a c t i v a t ed f r rn s o r non-c h a r q e d 11
forms t h a t can be c 1 o s e I y p a c!- e d t age t h e r( C hen and Liss. 197 8
Gagnon et a_l_,, 1979) s Evidence has been presented that carboxy 1
met h y1 at ion of n ew1y s yn thesized proteins still a 11 a ch e d to t h e
poly s orn e s (Che n and Liss, 1978).
It is also s u. ggested that p r t e i n c a. r b o;: y 1 met h ylatio n o f
the i ntra.gr anu 1 ar proteins is involved in the storage of these
s u. b s t a n c e s and this process is prob a b 1 y i n d e p e n d e n t o f t h 0
proposed role of PCM in exocytotic secretion (Gagnon et_ aj_.,
19 79), This is supported by the fact that M A P fro rn t h e sol u. b 1 e
protein of adrenal rn e dull a c h r o m a f f i n g r a. n u 1 e s are three times
more stable t h a.n t In ose from the rnernbr are of t h e same qr a.n u. 1 e
(Gagnon et a_l_., 1978).
The anterior pituitary hormones such as prolactin, FSH,
A C T H, and T S H are found to be good substrates for F' C M (Dili berto
e;t aj_., 1974). It has been found that ester if ication of the
carbox y1 groups of prolactin progressively reduced the hormone
activity (Li and Fraenkel, 1947) and the carboxy! groups of the
m o 1 e c u 1 e are t h o u g h t to be essential for bioloqica.1 activity, the
presence of PCM in the pit u i t a r y a n a other secretor y organs h a s
been s u g g e s t e d to f u n ction i n t h e i nact i v a. t ion of the store d
hormones (or the stored material in other secretory organs sueh
a s the adernal). The c a r b o x y 1 rn e t h y 1 a t e d hi ormones represents a
temporary stored form a n d t h e y r e s u rn e their act i vi t y rap i d 1 y
t h r o u g h a 1 k aline h y d r o 1 y sis as a r e s u it of a. slight elevation i n
p H (Di liber to at a, 1974),
Protein carboxyl m e t h y 1 a s e concentration is hig h es t in the
posterior pit uitar y where the hormones are not good s u bstrates
for PCM (Di 1 iberto et al_.? 1974), the enzyme may function in
storage andor t r ans p o rt of t he h o r mores by alt ering t h e bind!ng
proteins of t hie hormones suc hi as neurop hysins, wh i c hi are good
I
s u b s t r a t e s of t h e e n z y rn e and also a. r e k n o vi n to f u. net ion in t h e
sequestration of sec r e tor y mat er i a 1 i n stor a.ge gr a.nu 1 es
( D i 1 iberto et a_l_,, 1974; 0' D e a. e t a_l_.. 1978)=
It is possible t hat PCM may have more than one f u notion
w i t h i n t h e same organelle, e.g., i n t hi e p ac k agin g and e x ocytosis
of secretory g r a. n u 1 e s. S u c h functional d i f f- e r e n c e s rn a y be d u. e t o
car boxy 1 rne t hylation of d i f f er en t MAPs or d ue t a t he action of
different isof orms of PCM.
2. Bbi.L 2c. Lbbi.bi_b bbL]bbb..bjL LL.tBbi.itbb Lb LibJ_-tbi.it 12 bbti._Li.tb.
and Lbi-i.bi_.S-l btbbbtitbtb: relationship between protein carboxyl
methyl at ion and chemotaxis has been demonstrated in the bacteria,
as well a. s in rabbit 1 e u. k o c y tes, mo n o c y tes and rn scrap h ages (Kort
et a_l_., 1975; O'Dea et a j_., 1978a; O'Dea et a_l.•• 1978b;
Hazerbauer et a_l_., .1979; Pike et aj_., 1978; Venkatasu.br arn an i an et
a_l_., 1980). In the r abb .i t n e u. t r oph i 1 bat hi processes w e r e f o u. n d
to response to the chernoatt r a c t a. n t peptide f- M e t- L e u- P h e in a
dose-related m a n n e r, w hi i 1 e both processes w ere s t i rn u. 1 a. t e d b y t h e
- 10- 3
peptide at a concent rat i on o-F 10 to 10 M, the same peptide
—
at a concentration of 18 M inhibit both processes (O'Dea. et
a_l_., 1978b).
O'Dea et a_l_. (1978) found that the forrnylated peptide t- Met-
Leu-Phe r ap i d 1 y a.nd t r a.nsie n t 1 y stimulated protein c ar boxy i
me t h y1 ation in the rabbit ne ut ro p hi 1. T h e increase in protein
c a. r bo x y 1 me t h yl at ion is c o r r e 1 a. t e d w 1 t h c h e rn o t a. x i s a n d both t h e
behavioural response and the increase in methyl at ion can be
p re vanted by t ha addition of a n a 11rac tan t antagionis t.
It ha s b a e n s u q gssted t h a t p r t e i n met h vies t e r a. s e is the
»
main facto r i n v oh0 d i n n e u t r o p h i 1 r: h a rn o t a x is. Protein
m e t h y 1 e s t e r a s e is r i rn a r i 1 y c y t s o 1 i c in d i s t r i b u t ion. It w a s• 3••
noticed that i n i n t a c t n e utro p h i Is the c h e rn os.ttractant peptide
(f-Met-Leu-Phe) e v oked a rapid stim u lation of PME activity w i t hi
half- rn a x. i m a 1 sti rn u 1 a t i o n i n d u ced b y 3 n M of t h e c h e rn o a. 11 ract a n t
peptide— a. conce n tratio n quite si rn i 1 a. r t o t h a t vj h i c h p r o d u c e s a
hi alf-ma x i m a. 1 c hi e rn atactic r espo n s e (1 n M). Also t h e p r e s e n c e of
specific chemotact i c antago n i s t s in h i b i t s t hi a stimulation of P M E
act i v i t y i n n e u. troph i Is V© n k a. t a s u b r a rn an i an et aj_. 5 1988). It is
s u. q q e s t e d by t h e s a rn e a u t h or t h a. t t h e r a. p i d a n d t r a n s i e n t n at u r e
of demethy1 ation catalyzed by PME is temporally related to the
earliest events in the leukotactic response. They suggested that
it is the t u. mover o f the protei n rn e t h y 1 este r s t h a t f u n ctio n s i n
the transduction o f the chemotactic signal into direct migration
of the cell.
The localization o -f PCM in the sper rn a t o z o a suggests its
possible involvement in sperm motility (Bouchard et a _1_., 1979).
This postulate w as s t r engthened b y t h e obser v a t ion t h a. t p a t i e n t s
with i unroot i 1 e spermatozoa have very little PCM activity in the
spermatozoa when compared with normal controls. Although the
exact -function of PCM in the sperm tail remains to be elucidated,
the rapidity and reversibi 1 i ty o-f the reaction suggests that it
could act as a switch -for the reversal o-f the beat (Bouchard et
a J_., 1979). Alternatively, protein c a r b o x y 1 rn e t h y 1 a t i o n c o u Id be
involved in sperm c h e rn o t a. x i s. A 1 t h o u g h c h e rn o t a x i s h a s n o t b e e n
d e m oust r a ted i n rn am m a 1 i an s p e r rn a tozoa, i t h a. s b sen c 1 e a r 1 y
demonstrated in the sperrnat ozoal chernotaxis of- some marine
i n v e rtebrates (Bo u o h a. r d ejt a J_., 1980). A g a i n, t h e t u r n o v e r b u t
not the absolute amount of the protein methyl esters is important
in the proposed role of PCM in sperm motility.
Calmodulin (C a M) is a well kno wn c a 1ciurn binding protein.
S u rprisingly calmedu1 in was f o und to be an excel 1e nt s ubstrate
for PCM with a Km value of 7G p.M (Gagnon eji a j_,, 1979 c). Also 60%
methyl ester if icat ion of the CaM molecule b y a. h i g h 1 y pu.r i f i e d
PCM p r eparat i o n r e s u. 1 t e d in a 6 0% decrese in c a 1 c i u rn- s t i rn u 1 a t e d
cyclic GMP phosphodiesterase activity. It seems that PCM is an
intrinisic modifier of calcium-dependent processes with
calmod u 1 i n as a. n i nte r m e d i ate (Gag n o n et j?;_L? 1979c; Gagnon et
aj_., 1980).
0 n the cthe r hand, the chemotact i c peptide i n d u c e d in: r ease
in 1 e u. k o c y t e protein car bo x y 1 m e t h y 1 a. t i o n _i.J2 v_i_yo w as to u. rid to be
c a 1 c i u. m d ©pendent( C o x et a_l., 1979). Naccache e t a l_. (1979).
This suggests t h at PCM i n n e u. trophi 1 is to modu.l a. t e the rapid,
chemoatt r actant s t i rn u. 1 a t e d changes i n c a 1 c i u m i o n m o v e rn e n t i n t h e
cell. T h u. s PCM rn ay be involved in the transfer o -f c a 1 c i u. rn i o n s
probably through its action on the calmodulin molecule.
3. Ro_1_9 of PCM i_r± t.he C§3Hlatyon of ceff Protein
carboxy1 methylase is suggested to be correlated with eel 1u1 ar
growth. C u 1 t u. r e d h u m a. n rn onoc y t e s u n der going d i f -f e r ent i a t i o n
displays a d r am a t i c inn r e a s e in bot h cell u. 1 a. r P C M a n d e n d o g e n o u s
MAP capacity, concomitant with the pro-found morphologic changes
o-f cellular differentiation (Cusan et aj_., 1981). In contrast,
cultured human marcophages, a totally differentiatd cell, do not
display an increase in PCM in culture. However, a large increase
in MAP was observed. Thus it seems that PCM may be related to
c h a n ges in cell g r o w t h a n d t i mi ng o-f d i -f -f e r en t i a t ion. S u c h e vent s
may be dependent upon the availability o-f specific MAPs (Cu.san et
af., 1981).
4, P j2P te j_n £3£boxvf me jt _hyj_ase c e_l_J_u J_a_r transport:
Besides the above merit i o n ed f u n ctions, PC M w as s u g qested to be
involved in the transfer of c h a r g e d rnolec u 1 e s acros s t he red cell
membrane where endogenous MAP is abundant (Cusan et a J_., 1981).
By virtue of its charge neutral icing abi 1 ity. PCM may modify the
properties of ionic c h an nels and t ra ns p or t proteins a nd even the
plasticity of the cell memb r s.n e.
Since the u. ptake o -f ions and metabolites is a. very
imoportant part in the p h ysiology o f the cell, it is tempting to
speculate that a c omm on mechanism s u c h a s c hi a r q e modi-f ica t i o n m ay
underd ine the regu. 1 at i on of su.c h varied an d diverged cell u 1 ar
funct ions.
SliIlP.gse of Th_i_s S t_ud_y;:
It has been a well known fact that long term adrn i ns t r a t i on
o -f gossypol (in the to r m of a c e t ate) c o u Id prcd u. c e c o n tracept i v e
e f f ects i n t h e r a t due to d i s r u p t i o n of s p e r rn a togenesis( H a h n et
a J_., 19S1? Weinbauer et, a J_. 5 1982? Xue et a l_., 19S2). It has also
an acute spermicidal effect on spermatozoa (Tso and Lee, 198la j
Cameron et a 1_., 1982 Waller et a J_., 1980), Since the protein
c ar b oxy 1 met h y1 at ion sy stem is r e1 ative1y specific and rather
important for the testis undergoes modification d ur i ng
spermatogenesis, it is interesting to investigate the effect of
gossypol acetic acid on t h e rn e t h y 1 a. t io n s y s t e m.
Protein car bo x y 1 rn et h y 1 a s e w a s p u r if led f r o m the t e s t i s o f
m o u s e a nd f r orn the testis, pi t u i t a r y, a n d e r y throcyte of r a t. The
effect of gossypol on the activity of the e n z y me p r e p ar ation s
w ere investigated. Also the i n f 1 u. ence s o f g ossypol n M A P
capacity in the testis of both species a nd t hat on PME a c tivity
in the rat testis has been investiqated.
It is hope d t h a t t h r o u g h o u r s t u dies the rn e c h a n ism of
contraceptive effect of gossypol on the transient methyl at ion
dernet hy 1 at i on regulatory process can be understood.
I I. MATERIALS AND METHODS:
A• A n._i.m aj.§:
M a t u. r e male I C R rn i c e a n d Spr a. g ue-Dal w G y r a. t a w 0 r 0 u. s e d i n
this 51u d v.
B. Ef§3£Hi§:
All chemical reagents used in t h e e x peri rn 0 n t s w e r e o -f
analvt ical grade. The -f 1 lowing reagents were ourche.sed -from
Sigma Chemical Co., (U.S.A.)' Gossypo1 -acetic acidj gelatin;
T ween -80' S- ad e nosy 1 h ornoc y steins; d i t h i o t h reitol; c y toe h r ome C?
ova 1 bu.mini N, N, N' N 1 -tetr ame t hy 1 e t hy 1 ened i am i ne( TEMED), G- i 00 and
DEAE Sep had 0 x A -50 gala. The -foliow i n g r ea.qen ts were pu.r c hased
-From Merck Chemical Co., (West Germany): calcium chloride; d 1-
s o d i u. rn h ydrcge n p hosp h a t e? sod 1 u m d i h y d roge n p h o s p h ate 2- h y d r a, t e;
di-sodiurn tetraborate 10-hydrate; sodium acetate? trichloroacetic
ac i d' b i sac r y 1 am i d e, t o 1 uene and i scamy 1 alcohol. The -foliow i ngs
r e a g en ts w e r 0 p u r c h a s e d -f r rn M al 1 inc k rodt Inc.( P a r i s, K e n t u c k y,
U.S.A.): 2-mercaptoethanolj ammonium sulphate? surcose? sodium
oh 1 or i de? g 1 ac i a 1 ace t i c a.c i d j metha.no 1 and d i -sod i urn-( e t hy 1 ene-
d i n i t r i 1 o)- tetr a ace t ic acid( E D T A). Citric acid, urea a n d t r 1 t o r,
X- 1 0 0 w e r e p u. r c h ased -f r cm BDH Chemical Ltd.( E n g 1 a n d). Glycerol
w as p r u. c h a s e d fro m A j a x Chemicals.( A u. stral i a). S e p h a d e x G- 2 5
was pur c hased f r om Pharmacia Fine C hemicals (Uppsala, Sweden).
Ammani u m per s u 1 f a t e w a s p u r c h a s e d -f r c rn S e r v a C In 0 rn ical Co rn pan y s. n d
aery 1 amide was purchased -from Bio-Rad Laboratories (Calif.,
U.S.A.). Crnnif luor and protosol was purchased -from New England
Neclear (Boston, Mass.).
S- A d e n o s y 1- 1- C 3 H-methyl ]-methionin9 (15 C i rnrno 1) w a. s
purchased -from Amersharn International pic. (England).
C. Isolation o-f Protein Carboxy 1 Methyl ase.'
PCM w a s d u. r i -f i e d -from the testes, o i t u. i t a r y a n d e r v throe v tes
i n w h i c h the specific ac t i v i t y o -f t h e e n z y me is r elativel y h i g h e r
than t h at in other cells and tissues. The procedu r e s of
purification of the enzym e f ram testis and pit uita r y a r e as
f o1 lows:
A 11 t h e p roce d u. r e s w e re carried o u. t at 4 degree C e 1 s i u s.
The organs were isolated and washed free of blood by Krebs-Ringer
bicarbonate sol u t ion f o 1 1 o w e d by h o rn c g e n ization( t h e teste s w e r e
decapsulated before homagenization). Homagenization was carried
out i n five vol urn as of h orn o g e nizi n g rn e d i urn consisting of 0.25 M
su r cose solut io n w i t h 3 rnM c a 1 c i um c h 1 o r i d e and 2. 4 rnM 2-
rn e r c ap t o e t h a n o 1 u sing a. p 1 y t r o n h o rn ogen i ze r( K i n em at i c aI
Swi tzer 1 and). The homagenat e was t hen c en t r i f uged und er 80, 000g
for 80 minutes. Af ter c e n t rifugation th e s ue r natant w a s
collected and brought to 50% saturation with ammonium sulphate,
f o1 1owed by incubation at 4 degree Ce1sius for 30 minu tes,
The pellet obtained b y c e n t r i f u g a t ion of t h e am rn o n i u rn
s u. 1 phate s a t u r a t e d ho rn o g e n a t e w a s res u. spended i n five vol u. rn as of
homogenizing medium and diaiyzed overnight against 5 mM phosphate
buffer containing 5 m M E D T A a nd 2.4 mM 2-mercaptoethano 1 at pH
7.4, The dialysate was then applied to a Sep had ex G-100 column
(2.4 x 90 cm) el u ted w i t h 5 m M s o d i u rn phos p h a t e buffer at p H 7.4.
Five ml -fractions were collected in a -fraction collector (I SCO
company, model 1850).
T h e most act i v e -f r actions w ere c o n c e n t r a. t e d b v d i a. 1 y sis
against 5 0% s u. r c o s e in 5 rn M bo r a t e b u. -f f e r w i t h 5 rn M E D T A a n d 2.4
m M 2- rn e r c a p t o e t h a n o 1. The d ialysate w as then d i al yzed o v e r n i q h t
a g a. i n s t t h e s am e but f e r w i t ho u. t surcose before being applied to a
D E A E S e p h a d e x A- 5 0 col u m n (1.3 x 6 0 cm) tv h i c h w a s the n e I u t e d
w i t h 5 mM bor a t e buf f e r a t pH 9.3. T he pea.k -f r act ions we r e
pooled, aliq u. at ed and stored at- 2 0 degree C e 1 s i u. s,
P u r i f i c a tie n o -f P C M -f- r g rn e r y t h roc y t e s s t a rted w i t h isolat i o n
of erythrocytes from blood. Erythrocytes were isolated by the
m e t hod d e s c r i b e d b y 0' D e a et a J_ .(1978). Blood was c o 1 1 e c t e d fro rn
adult rats by decapitation and mixed immediately with one sixth
volume of a. solution containing 75 mM sodium citrate, 3.75 mM
citric acid and 6.25 rnM EDT A. The e r y t h r ocytes we r e sep ar a t ed
f r om t h e pi a t e 1 e t s b y c s n t r i f u. g a t i on a t 17 5 g f a r 1 0 rn i n u. tes.
T h e process was r e p e a te d a nd fin a 1 1y t he drecipitate w a s
I
r e s u. s p e n d e d i n f i v e v 1 u. rn e s of i sot o nic b u f f e r containi n g 5 0 m M
sodium phosphate and 90 mM sodium chloride, art pH 7.4. The cells
were 1 y zed by the add i t ici n of 5 rn M s o d i urn p h o s p h a t e b u f -F e r, p H
7.4, and the ghost was obtained as a pel let b y c ent rif ug a tio n a t
3 0, 00 0 g fo r 15 rn i n. The s u p e r n a t a n t w as c o n cent rated b y dialysis
as in the p u r if ice.tion of PC M f r orn testis and p i t u i t a r y. T h e
r e rn a i n i n g proced u. r e s w e r e si rn i 1 a r to that of p u. r if i c a t i o n f r o m
the testis and p i tu i tar u y q 1 a. n d.
D- Assav ot_ PLot,02_i2 Carboyvj_methy 1 ase Activity:
Protein carbo x y 1 Diethyl ase act i vi t y was ass ay ed by rn e a. s u. r i n g
the am o u n t o -f H- rn e t h y 1 g r u. p s t o r m e d during t h e i n c u bat ion
period( D i 1 iberto e t a_l_., 1974). The reaction rn i x t u r e consists o t
2 0 u. 1 0.2 M s o d i u rn a estate buf-f er( p H 6.0), 20 u 1 gelation (50 rn g
ml.) as exogenous MAP, 10 LI. 1 ot S- ad e n osy 1- L~ me h t y 1- 3H~
methionine( 0. 0 1 S uC i, S. 5 pmo 1) as met h y 1 gr oup donor a.nd 20 p. 1
ot enzyme preparation. When the ettsct ot gassypal was to be
tested the sodium acetate butter was replaced by the same buter
w i t h 0.1% T we e n-S 0 and wit h r wit hout gassypol a t t he require d
concentration. Reaction w as carr ied o u t i n rnicrocen t r i t u g e t u b e s
(1.5 ml, Sarstedt 1 abor at or y w ares) a n d i n c u b a. t e d a t 37 degree
Celsius (Lab-line D u. bno-f t I n cubator-Sh a. k er), Alter pre i n c abated
t o r 10 min u tes the reaction was alio wed to proceed tor 15-25
minutes. The enzyme reaction was stopped by the addition ot 0.5
rn 1 borate but t er at pH 11. F i ve m 1 ot ex t r ac t i on rned i u.m (t o 1 uene:
i s amy 1 alcohol-- 3:2) wa.s then added, t o 1 1 owed by v i qor ousft
v o r t e x i n g. The org a n i c a n d w a. t e r 1 a y e r s w e r e t h e n sepa r a ted b y
cent r it u. gat i o n i n a table-tap cl inical c e n t r i t u. g e to r 5 rn i n u tes.
After centr if u g at ia n, a 2.0 rn 1 p o r t i o n o t the e x tract i o n mad i u m
was transferred into two vials each, one ot which was used to
m e a s u re radioactive rn e thanol. The c o n t ents o t t h e o t fa e r vial
were evaporated to dryness on a heated water bath at 40 degree
C e 1 s i u s -for 3 h o u r s. A f t e r eva.porat io n, t h e r em a i n i n g
radioactivity was measured. The difference in radioactivity in
these two vials was taken as the enzyme activity.
E. Assay of Me t hy_l_ Acceptor Fro t en C ag_acj_j:y:
The protocol -for the assay of MAP capacity is similar to
that o-f PCM activity except that gelatin was omitted and replaced
by 20 pv 1 o-f a homogenate in which MAP capacity was to be assayed.
The testical homogenate was prepared fay homogenizing the
organ in f i ve vo 1 umes o-f hornogen i z i ng rned i u.rn w i t h 0. i% Tr i ton X-
100 u sing a. pel y t r o n h o m o g e n i z e r( K i n e rn a. t ica, S w i t z e r land).
To determine the MAP capacity o-f spermatozoa, the
spermatozo a w e r e i s o 1 a t e d a n d h ornogenized, T h e c a p u t a n d c a u d a
ep i d i dy rn i d es as we 1 1 as t he vas d e-f e r ens were collected a.n d
cleared of fat deposits. Spermatozoa w ere released i n t K rebs-
R i nger bicarbon at e sol u. t i on by rnec han ical t ear i ng of t he or ga.ns
f o 1 1 o w e d b y v i g o r o u. s v or te x i ng. The c orn posi ton o f K rebs-R i n g e r
B i c ar borate so 1 u. t ion( KRB) was as f o I 1 ows: NaC 1 (118 mM), KC I
(4=7 mM) i CaCl (2.56 mM); MgSO (1.13 rnM); MaH P0
(1.17 m M) J N a H C 0 (25 rnM)„ The sper rn a tozoa w e r e t hen isolated
by p ass i ng t h r ou.gh a stainless steel s i ev e wit h pore size 100 p..Theisolatedsp rmatozoawereth nasdt iceinKREt
eliminate contamination from blood cells and seminal plasma.
Wa.shad spermat zoa wer e t hen saspended i n homogen i z i ng
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medium with 0. 1% Triton X-100 to a concern t r at i on of 10 cells
per ml, folio w e d b y son i cat i o n w i t h a, scnicator. Sonicatio n w a s
operated in 30 seconds b u. r s t s with 30 seconds c o o I i n g, set at
2 0 K H z wit h a. n e e d 1 e p r obe o p e r a t i n g at 7 5 W, w i t h a Son i c at a r
Cell dis rup t ar (Modei W 20 0R, H e a t Sy s tern-Ultrasonics, Inc.,
P 1 a. i n v i ew, New Vo r k, U. S. A.) T he t o t a 1 so n i c a t i on t i rne was 1 0
rn i n u tee. T h e s p e r rn stoz o a h orn ogen a t e w a s t h e n used f o r M A F;
capacity determinatian.
F. Assay of E£2i.efn WE t hyi_eJLt£J2.§:lEl£ Ac t._i_yf_t v l
Prote i n m e t h y lest erase activi t y w as as s a y e d b y u. s i n q
ovalbumin as protein substrate. Radioactive methyl groups were
incorporated into o v a 1 b u. m i n b y i n c u b a t i n g 0.4 ml e a c h o -f 0. 2 M
sodium acetate buffer (pH 5.2), ovalbumin dialvsed against the
same buffer, PCM isolated from rat erythrocytes and S-adenosyl-L-
h cm o c vsteine in i M s o diu m ac et a te buffer (dH 4.35). T h e
sy n t hes i zed me t hy 1 esters were t hen isolated from H --SAM by
pass i n g t h r o u g h a '3 e p h a d e x G- 2 5 column (1.3 X 60 cm) equi 1 ibra t e d
with 0. 0 5 M sod i u m acetate b u. f f e r( p H 4. 35) c o n t a i n i n g 5%
g I y cerol and 0.1 rn M d i t h i o t h reitol. The col u. rn n w a s el u. t e d b y t h e
same buffer and cytochrome C was added as a marker. Two ml
f ractio n s w ere collect e d a n d t h e t u b e i t h h i g h est r a, d ioa.ct i vi t y
w a. s u s e d for PME act i v i t y a. s s a v s h o r t 1 v.
The t e s t i c a I h o rn o q e n a t e w a s r e p a r e d b v u. s i n q o o 1 v t r o n
h o rn o g e n i z e r( K ine rn a t i c a, S w i t z e r 1 a n d) i n 5 v o 1 u m e s of
hornogen izing med i urn con t a. i n 0. 1% T r i t on X- 1 00, The r eac t i on
rn i x tu.re f or assa.y i ng PME activity consisted af 70 jj. 1 of
methylated ovalbumin, 20 pi sodium acetate buffer pH 5.2 with
gossypol dissolved to the required concentration (the control
e x per iment contained no gossypol), 5 0 u 1 of t e s t i c a. 1 h o m g e n a t e
was added to start the r e a c tio n. In c ubatio n was carried o ut at
37 degree Celsius, after 30 minutes 0.1 ml of 10% TCA was added
to stop the react io n. The t u bes w e r e t h e n c e n t r i f u g e d in a. table-
top clinical centr i-f u q e f o r 5 rn i n u t e s and 0.2 ml a 1 i q u o t s we r e
added to 5 ml o-f extraction medium followed by vigorous vortexing
and centr ifugation. After centr i-fuqat ion two 2 ml al i quots o f
e x tract io n rued i u m were transferred to t w o separate vials, o n e o f
w h ich w a 5 measured d i rect 1 y f o r r ad i o a c t i v i t y a. n d the o t h e r w a s
evaporated in a chromatography oven before the residual
r a d i o a c: t i v i t y w a s m e a s u. red. T h e d i f f e r e nee i n r a d i o a c t i v i t y
b e t w e e n t h e t w o vials w a. s t a k e n t o b e t h e F' M E activity.
G. EX§cJ: r op3hojges j_s of_ Met. h.y.J_ Acceptor Ej2°iLSi22j=L f_r_om Rat Testys:
Testis homogenate was prepared as described above in acetate
buffer p H 5.S with 0„ 1% T rit o n X-100. Th e reaction mix tu re
consisted of 0.1 ml of sod i urn ac e t a. t e b u f f e r p H 5.8 w i t h a r
w i t ho u t q o s s y p o 1 d i s s o 1 v e a t o t h e r e q u i r e d am o u nt. 0. i rn 1 of
testis ho rn ogenate and 10 p. 1 o f H- S AM (1 u. C i). T h e f i n a. 1
concentration of gossypol in the reaction mixture was 3x10 M.
Reac t ion was c ar r i ed ou. t at 37 C f or 50 rn i nu t es an d ier m i n a.ted
b y t h e addit io n of 0. 0 5 rn 1 5% T C A.. T h e p r e o i p i t a t e d p r otei n w a s
pelleted by c e n t r i f uga t i on and su.spen d ed i n 0. 2 rn 1 of samp i e
b u. f f e r cant a. i n i n g 2% SDS, 3% 2- m e r c aptoet h a n o 1, 0.9 M a c e t i c
acid and 5 M urea. pH 4.0. The suspension was boi led for 3 minutes
a. n d 5 0 p 1 (cant a ini n g a. p r o x i rn a t e 1 y 1 0, 0 00 t:p rn) w a s applied for
e1ectroph o r esis. NaDodSo -p1y-ac ry1 amid e gel electrophoresis was
done a.ccord i n g to t h e rn ethod. described h y DeFr a n c o a n d K o s h 1 a n d
(1980). At termination of electrophoresis t he gel was sliced into
2 rnm sections by using a gel slicer (Bio-Rad Laboratories, Model
190). Each section was inc u. b a ted in 9 rn 1 of t o 1 u e n e w i t h 0. 4%
(iv v) orn nif luor and 3%( v I v) protosol at 30 C for 12 h o u r s
be-f or 0 t h0 rad ioacti v i t y was deter m i ned.
III. RESULTS:
A. Pur if icat ion -f Protein carbo x y 1 m e t h v 1 a s e i n rat and its
e e n sitivit v to a s s y d o 1:
i. Pu.r i t i cat i on o-f r ote i n c a.r box v 1 rne t h v I ase.
a. Sep had ex G-IOO column I The el ut i on pro-files o-f protein
carbo x y 1 rn e t h y 1 a s e -f r am t h e t e s t is, pit u. i t a r y a n d e r y t h r o c y te on
a Sephad e x G- 1 00 col urnn ar e sh own i n -f i gu.r es 3- 2, 3-3 and 3- 4
respectively. The testis enzyme (Fig. 3-2) shows a. rnaj or peak with
m a. x i m u m activi t y a. t t u be 4 1 w h i c h c a r r espa n d s t o a. m olec u. i a r
weight o-f about 25, 000 da. 1 tons, a value that agrees with the
r eported v a. 1 u e( K i rn a n d P a i k, 19 78). A m inor pea k w i t h 7% o -f t h e
activity o-f the major peak (4.8X10 against 0. 0688 pmoi. of
ft
meth y 1 gr ou.p s tr an s-f e r r ed rn in.) was a 1 so -f ou. n d i n t ube 65. T h i s
active -fraction probably corresponds to the isozyme with
molecular weight 12,500 da 1 tons reported by the same author.
The pituitary cytosol e n s y r.o e p r e p a r a. t ion (Fig. 3- 3) sho w s a
single activity peak at -fraction 61 which corresponds to the
1 6 y 000 dal ton i soz y rn e. Sine e P C M in t h e pit u i tar- y rn ay b e
partial 1 y m e rn b r a. n e bo u. n d, it is 1 i k e 1 y t h a t o n 1 y the 16, 0 0 0
dal ton i s a z y me is soluble in t h e pit u. i tar- y.
E 1 u. t i on pattern of the e r y t h rocyte cytosol( F i g. 3- 4) sho w s
0 n 1 y one a c t i v i t y pea k a. t f r ac t i o n 4 5, w h i c: h c a r r e spends to t h e
1 s o z y rn e w i t h a. rn olec u 1 e weight o-f 25,000 dal tons. Ho w e v e r, t h e
Figure 3-2, Ge_l_ filtration (Sephadex G-10Q1 of rat tee Us cytosa 1
T W3 I v a rn 1 o-f a t i ve vo I urn a( w v 5 aytoso 1 samp 1 e was app 1 i ed
to a. column o-f dimension 2,4•! 60 cm a n d e luted with 5 m.M sod i urn
G
n h c o h a t buff© r- p H 2. 4 a t 4 C a t a f 1 w r b. t e o t 1 5 rn I h r. T h e•—---- j
©1 a t i o n v o 1 u. rn© o f B S A (rn alec u I a. r w e i h g t 6 7 5 0 0 0 d a 1 t o n s) a n d
t r y p s i nog© n( 24, 0D0 d a 1 tons) a.r e d en o t ©d by ar r ows- PCM ac t i v i t y
w a s rp© a©. u. r 0 d r s d© s c r i b© d i n n a t e r i a 1 s a. n d rn© t h o d s. E n z y rn e
actvi t is Dr?5Crd in units, a. unit is defined as the amount ofI
a. c t i v i t y t h a t t r a. n s f e r o n e u. rn C31 o f rn e t h y I g r o u. p s p e r rn i n u. t gj.
Fraction W u m b e r
Figure 3-3, Gg.1 £1.1.3.3XSeD|2sd_0X_ i3i_00J_ 3f rat pitu.itary
cy ta§a]_, Twe 1 ve rn 1, of a. -five volume (w v) cytcsal sample was
applied to a. column of dimension 2.4 X 60 cm and e luted with 5 mM
«.-J
sod i u. rn h o s h a. t e b u. f f e r, o H 3. 4 a. t 4 C a n d a. -Flo w r a. t e of 15 rn 12
f-~- ~5, 1 i« n v-- J•? tv --C TO 43 .3(? f.: f?|— 1 4- -t Ki— T'! r-! m or? p —i od;?=' J oo c_ I±! i p- 1 »J.}»] 'or L_- r JD•__= r-h(_» w J cr% i«_ U f 1 or« L r; j.J to I»» U Mti i
24, nn0 d a 1 t o n s) an d c y t. oc h r orne C (12 300 d a 1 t o n s 5 a r e d e n o t e d fc y
arrows -CM activity(°) and protein( a) were located as
d e sc r i bed u. n d e r rn a t e i a 1 s a. n d m e t h o d s.
V BSA Trypsinogen Cytochrome C
Fraction Number
Figure 3-4= Ge_l_ f_ j_!_ tjpajljon Sep h ad e x GjLQO.). oi. £§t JeLL v jnhjgojj:e
PCM. Five ml o-f a -five volume (w v) cytosol sample was appl ied to
a column o-f dimension 2.4 K 60 cm and s luted with 5 mM sodium
p ri o s p h a t e b u. -f -far- p H 7.4 a t 4 C a n d a f 1 o w r a. t e of 15 ml h r.
E 1 u. t i on vo 1 Lirn a of BSA( 67,000 d a. 1 t ons) and Tr yps i r.ogen 24, 000
d a 1 t c n s l ar e d a n o t ed b y a. r r aws. PC I'd act i v i t y was rneasu r ed as
d e s c i bed i r- m a. t e r i a 1 s a n d m e t h d d s„
Fraction Number
highest activity o -f the eryt h r ocyte prep a. ration is only 17.7% o f
t. h a t o -f the testis preparation (0.020 4 a. g a i n s t 0. 1 1 5 u. nit( A u. n i t
is de -fined as the enzyme activity that trans-feres one? picomole of
me t hy 1 grou.ps per rn i nu te)).
b. DEAE-Sepha d e x A- 5 0 c o 1 u. rn n:
I n the rat testis prep a. r at i o n o n 1 y the rn a. j o r act i v i t y p e a. k
wa.s f u.r t her pur i f i ed on an DE AE-Sep ha.d e x co 1 u.rnn( F i g. 3- 5). Two
instead of the three charge isomers reported by Cu.san et a 1_.
(1981) were found. The two isomers were eluted at 0.05 and 0.2 M
sod i u rn chloride rasp e c t i v e 1 y. The f a r rn e r i s o z y rn e c o n t a i n e d 8. 8%
t hie activity of the 1 a 11 er( 0. 0085 aga i n s t 0. 096 u. n i t s). These
t wo moieties were e xp re ssed as RT1 and RT2 in t h e f o1 1owin g
sections of the thesis f or, t h e sake of c o n ve n i e nc e.
In the nit u i t a r v r e o a r- a t i o n t h r e e c h a. r q e i s o rn e r s w e r e3 J 1 t „1
i d e n titled (Fig, 3- 6). Th e f i r s t p e a k w as el u. t e d w i t h t h e
- was h throu.g h wh i 1 0 the o t h e r t wa we r e e 1 u t ed a. t 0. 075 an d 0. 1 25 M
sod i u.rn chlor i de canoen t r at i on. The re 1 at i ve ac t i v i t y of t he t hr ee
isomers was 1: 2: 4.2 respectively (1.53X10, 2.93X10 and
.1
6.5X10 units resoectivelv) wit h t he most neqat1v e1v c h ar qed
isozyme predominting. These separated fractions were refered to
as R P1, R P 2 and R P 3 respectivelv for fur ther discussions.? i J
In the eryt h roc yte p re para t1on (Fig. 3- 7) th ree cha rg e
i somer s we r e i d e n t i f i ed e 1 u ting a t 0. 025. 0,075 and 0.125 M
sodiu m chlor ide w i th relative a c tivit y 1: 2.7; 4 respectivel
(5.2X10, 1.4X10 and 2.08X10 units), Again the most acidic
(negatively charged) i s o rn e r p r e d o rn i n a t e d. The t h nee i s o rn ens w e r e
refered to as R E1, R E 2 and R E 3 respective!y.
Figure 3-5. XiCngi-213125.351 5i2G2I2i22133Gi2Rl22i OiL
rat t_e e t. _i_e PCM, Seven m I ot samp 1 e -from Sep had ex G-iOO column was
a. o n 1 i e d t o a. c o 1 u. rn n o t d i rn e n s ion 1,5 X 4 0 c rn a. n d e I u. t e d w i t h 7 0 rn I:
a r 5 o d i y. m b y. -f -f e r p H 9.3 -f o 1 1 o w e d b y a 1 i n e a r c o n c e n t r a. t i o n
o
gradient -from G to 0=4 M NaCl in the a a me buf far at 4 C. Flow
r a. 10 was 1 5 rn 1 h r a t t h© s t ar t= PCM act i v i t y( o). p r f_ s i n( a
), a n d i o n i c a t r e n g t h 5 w a r e rn e a s u r e d a n d c o m p a r© d.
Freaction Number
c i gars 3-6. I on e x c h a n g 0 cjnioma _to3r.a£j2 DE Afc.Seg.hsdex. AbO
c. c 1 u. m n o -f r 3. t pit u. i 1a r v PCM. F o u r Tin 1 of 5 am pis -f r om 3 ephad©:: G-
1 CO col u. rn ri w a s a pi is d t o a c o 1 u. rn n o-f d i rn© n si o n i. 5 X 40 c rn 3. n di- J
0! 1 j. 10 d w i t h 70 ml o-f sod i u. m b o r a 10 b u -f -f 0 r pH 9.3 -folio w ©d b y a
1 inoar concentration qradien t of NaC1 from 0 to 0.4 M in the same
buffer. F] o w rate was 15 rn 1 hr at the start. PCM activity
w 0 r s rn© a s u. r e d a s d e s c r i bed in rn a t e r i a 1 s a n d rn e t h ods.
Fraction fSJ u m b e r
Figure 3-7. XOIi PZallitllSP PilZPIilitzOSZaEldZ JLI2PjbEr_PPpj2it4pZ £iZ;=iLi
PPiUffini o£ r.j?.t erv jthpocv t. e PCM Five ml o-f sample -f rorn Sep had ex
G-100 column was applied to a column o-f- dimension 1.5 X 40 cm and
e 1 u. t e d w i t h 70 ml o f 5 rn M s o d i u. rn b o r a t e b u t -f e r H 9.3 -foil o wed b v
a I i n e ar cone e n t r a. t i o n g r a d lent to 0,4 M N a. C 1 in t h e s am e b u. tf e r.
Flow rate was 13 ml hr. PCX activity( o), protein( A), and
i o n i o s t n e n~ t h—•) a r e a s s h o w n i n the -fig u r e.
Fraction Number
- Effec t of_ 3o§§YE2l 2J2 .0122. 22 00200022 o f_ 00.2 212202012
ca£bnx.xi. D2200202002Illl02II1200jl0200222 5V5tem. The effect o-f gossypol
on t h e PCM -from the testis, pit u. i t a r y and e r y t h rocyte w e r e
assayed accord i nqly.
The e-f -f ec t o-f gossypol on t he i so2 yrn0s RT 1 and RT2 wer e
i n vest iq a ted and the res u. 1 t s a r e s h o w n i n -fig u. res 3- 8 and 3-9
rasoect i v e 1 v. T h e act i v i t y o-f R T 1 w a s -f o u. nd to h a. v e i n c r e a s e d to
t i'j i c 0 that o-f the c o n t r o 1 at a gossypol cone en t r a t i a n o-f 6X 1 0 M
(-from 50 to 100 unit mq protein). The increase in activity was
maintained at gossypol concent ratio n s as hig h as 10 M. In the
same -figure the line in circles shows the results o-f a separate
e x p e r i rn e n t i n w h i c h qqsb v p o 1 w as added o n 1 v a f tsr i n c u. b a tion. 11
w a s e v i d e n t t h at gossypol d i d n o t a {-fee t t h e rn e t h a. no 1 e x t ract i o n
process, The isozyme RT2, on t he o t her han d, wa.s r e 1 at i ve 1 y
insensitiv e to g o s sy pel.
The isozymes -from the pituitary does not seem to be
affected by gossypol in the concentrations tested (Fig, 3-10, 3-
1 1 and 3-12 respect i v e 1 y f o r R Pi, R P 2 and R P 3). Co n t r o 1 v a 1 u. e s of
s p e cific activities were 2,6, 1. and 3.8 u nit mg p rot ein
respectively for R P1, RP 2 and RP 3.
As in the case o f t he pi t u. its. r y i s o z y m e s, a 1 1 t h e t h r e e
er '••1 h roc y t e isozyrnes wer e r elativel y u.n affected by gossypol f r orn
c o n cent r a t i ons a s Id w 3. s 3 X i 0 M t o b. s h i g h b. s 1 Li M( h i g= 3~
1 3? 3— I 4 3. nd 3- 15 r 0 s p 0 c t i 0 1 y ~F o r R E 1« R E 2 an d R13). Fhe c o n t r o 1
v 3.1 u. e sot t h 0 t h ree isoz y m 0 0 w 0 r 0 0« 11- 0. 2 0. n d 0« 1 4 5 u. n i t s rn g
p r g t0 i n respect i v 0 1 y f o r t h 0 i ooz y rn 00 R E 1« R E 2 0. n d RE S
The behaviour of the MAP capacity -from testis homogenate
t o w a. r da q o s s y p o 1 is s h o w r i r -Fig. 3—16. 1 h 0 M A P c 0. p a c 1 t y w a s
Figure 3-8, Effect of gossypol en the activity of RTf. The enzyme
mas pu.r i T i ed a.s desc r i bed i n rna. t er i a 1 s a.nd rn©t. hods. I ncu.ba.t i an
c~
w a. s c a r r i e d o u. t at 3 7 C -for- 25 rn i n u. s i n g g e 1 a.t i n a s a. n a. r t i -f i c a 1
su.bst r a t e. Va. 1 u.es s h own ar e r ep r ese n t a. t i ves o t t h r ee sep a.r a. t e
s x p e r i rn e n t s.
Ac t i v i t v o-f en zyrne i nzu.bated w i t h goss ypo 2
Ac t i v i t y of e n z yrn0 w i t h goesypo 1 add ed at t e r i ncuba, t i on
Gossypol Concentration (M)
Figure 3--9, The £ii§ct o£ gqssygg 1 on th' acj:yyj_j:y of Rj_2. The
e n z yrne wa.s pu. r i f i ©d a.s d esc r i bed i n rna. t er i a. I s a.nd rne t hod s.
f°
Incubation was carried out a. t 37 C for- 25 rn i n with gelatin as an
a. r t i -f i c a 1 s u. b s t r a t e« V a i u. es s h o w n a r e t h e m e a n v a 1 u. e of t h ree
sepa.r a. t e e x p e r i toe n t s,
Gossypol Concentration(M)
F i qure 3-10. The~.±. SQ§5 vdd} on the a.c t i v 1 t y of RPJL.
The e n z y rn e w a a p u. r i f i ed as d e s c r i bed i n rn a t e r i a. 1 s a. n d methods,
I n c u. b a. t i o n w a. s c. a. r r i ed o u. t at 37 C -fa r 25 mi n w i t h g e 1 a. t i n a s
a r t i -f i p a 1 s u. b s t r a. t e. W a 1 u e s s h o w n a r e t h© rn e a n v a. 1 u.© sot t h r©
seoara te exd©rim©nts.
Gossypol Concentration (M)
Fi qu rs 3-11, Th© §ii££l of 30SSvpo_l_ on _t h© jzl2joi_12jL.t 12 of KF2. The
e n z ym e w a. s p u r i f led as d e sen i b a d i n m a ter i a 1 s and rn e theds.
I n c u. b a. t i c n w s.s c a r r i e d o u. t a. t 3 7 C f o r 2 5 rn i n w i t h g e I a. t i n a s
a r t i -f i c a 1 s u. b s t r a t e. V a I u. e s s h o w n a r e t h e rn e a n v a. 1 a e s o -f t h r e e
s e p a t a. t e s x p a r i rn e n t s.
Gossypol Concentration (M)
F iqu.re 3-12. The effect of. 32££ilHHi 211 ill® of. RP3. The
en zyrne wa.s cu. r i T- i ed a= d esc r i bed i n rna.t er i a. 1 s a.nd rne t hods»
I n c u b a tic n w a. s c a r r led o u. t at 37 C -f o r 2 5 rn i n w i t h g a 1 at i n a s
3.t i x i c a. 1 3 li. b 31 r a. t e. V a 1 u. a a s h o w n a r e t h a rn a a. n v a 1 u as o-f t h r a 0
s 0 p 0 r 3 Jc 0 0 x c 0 r i rn 0 n t s,
Gossypol Concentration (M)
Fiqu. f© 3-- j 3, The §if§ct oj_ H2|§vdo]_ on t he R El..! he
0n zyrn© w0 0 pu.r 1 i i 0d as desc r i b©d i n rnat ©r i a 1 s a.n d m01 hods.
o
I ncuba.tic n was ca r r i 0d au. t at 37 C f cr 25 rn 1 n w i t h ge i at i n as
a. r t i t i: a I substrate. V a 1 u. a a shown are the mean values o-f three
cc czi r~) re y~ -V pi v r~ -zz»{-- 1 r3 o f cr
Gossypol Concentration (M)
F i q y. r 0 3~! 4 e T h 0 0 -f -f 0 c t o o s s v d o). o n t h8 a.c t i v i t, v_ o f R t 2. T h 0
0 n z v rn 0 w a s d u r i -f i 0 d 0. s d 0 0 c r i b 0 d i n rn 0.10 r i 0.1 0 0. n d rn 01 h ods.
1 n c u b £0 t i g n w 0.s c 0. r r i 0 d ou t 0. t 3 7 C -f a r 25 rn i n w i t h 3 0 1 a t i n as
a. b f i c 0 1 3 u. b s t r a t. 0= b 0,1 la 0 s s h c w n a, r 0 t h 0 rn 0 a. n v a 1 u 0 s 0 -f t h r 0- 0
g 0 p a r 0. t 0 0 x p£• r i rn 0 n b s B
Gossypol Concentration (M)
F i qure 3-15. The §ii§£i 2jL 32SSiill2.SX 1211 -tiHa ~12lLjLl2JLJ-i.il 2lt KE3. The
e n z y rn e w a. s p u. r i -t i e d as described i n rn a ter i a. Is a. n d rn e t h o d s.
o
I n c u. b a. t i o n w a s c a r r i e d o a t s. t 3 7 C f r 2 5 rn i n w i t h g e I a. t i n a s
b. r t i. -f i c a 1 b u. b s t r a. t e. 3 a. 1 u. e s s h o w n a r e t h e rn e a n v a 1 u. e s o•? t h r e e











0 10-2 10-4 10-6 10-8
Fiqure 3-16, IfifjatLik of S2S§ilfi2i on. MAP ca£ac_j_tv cf_ r_at, tj?s ts
□
l2Q]]233£n;fL The i ncubat ion was carried out at 37 C -for 25 rn i n
w i t h t e s t i s h o rn o q e n a. t a a s rn© t h y I a c c e p t o r p r ate i n, t h e h o rn o g© n s. t©
w s s prep a, r e d a. s i n rn a. t e r i a 1 s a. n d rn e t h d s. 7 0.1 u es s h o w n a r 0 t h 0
rn0an va 1 u.0s of t h r ©0 s0p a.r a.t 0 e xp0r 1 rn0 n t s. MAP cap a.c i t y i s
0 x p r 0 s s 0 d i r u. nits p 0 r rn q p r otei n, A u. n it is d 0 f 1 n 0 d as t h 0
o a p a o i t' t h a. t r© o 0 i v 0 s o n 0 u. rn o 1 o f rn e t h a. n o I g f o u. p s p 0 r rn i n u. t e.
Gossypol Concentration (M)
-7 - 4
found to increase slightly and g r a d u. a. 1 1 y from 6X1 0 M t o 10 t'
qossypol. MAP capacity then -fell sharp 1 y w i t h a n i nc r e a. s i n c
- 4
qossypol concentration, At 6 X 1 0 M g o s s y p o 1 t h e capac i t y w a s
reduced to 1.12 units rng protein co r resp o n d i n g t o 4 2. T7% o -f t h e
control v a. 1 u e( a. u. n it is d e f i n e d as t h e c a.p a. c i t y t h a. t a c c e p t s o n e
s_
pmo 1 at methy1 g r aup s per min ute). At 10 M g o s s y p o1 t he MA P
capac i ty was v i r tuall y reduced to zero.
Protein met h yleste r a s© a c t i v i t. y o -f r at testis w a s to u n d t o
be inhibited b y go s s yp o1 (Fig. 3-17). T he c o ntro1 va 1u e wa s 1.07
-4
X 1 0 Li n its rn g p r otei n( a. u n it is det i n e d a s t h e a c t i v i t y t h a t
t r a.nst ©r s one rno 1 rne t hy 1 gr oup.s rn i n). 7 he t h r es hold o-f
__rr
inhibition was slightly lower than 10 M qossvool and the
—-
inhibition was gradual. At 10 M qossypol the activity was
reduced to 4.13 X10 units, corr©snondina ta 3S. 1% nt fhe r n nrrn1—w
1
value. At 10 M qossypol the activity of the enzyme was
virtua 1 1y totally inhibited.
3. Effect of 3D5sypoj_ on the £r od,uc t.s wj_th RT_1
333333• With testis h orn o g e n a t e a. s s u. bstrste t h e g ossypol i n d u ced
changes in the ab u. n d a. n c e a n d t h e rn o b i 1 i t y o -f t h e rn e t h y I a t e d
proteins was shown in Fig. 3-18. T h e c o n tro i s h o w e d t w o rn a. j or
rn ethyl ated protei n s w i t h highest r a d ioe.ct i v i t y i n -f r act i o n s 3 a n d
—rg
17 while that o-f the treated homager) ate (3x10 M) showed several
s c a ttered p e a l s o-f radioactivit y of 1 o w e r e x tend a t o t h e r
fractions. This indica t e s a. s h i t t i n t h e rn e t h y 1 a t e d p r oducts. T h e
molecular weight o-f -f r actio n 14 cor- r e s p o n d s to 67,0 0 0 d a. 1 tons.
F i qur 0 3-17. E f -feet of oossyool o_n £.11 t_ej__n
act. i.vj_t v of. re. t testes h crnoaenste. The testis h o rn o q e n ate w a. s
p r e ar ed by h rnoqen i z i n q t h e or g a.n i n f i ve vol urnes ot
} 'i o rn o q e n i z i n q rn e d i u. rn u. s i n q a p o 1 v t r o n h orn o q e n i z e r( K i n e rn at i c a.,
D
S w i t z e r 1 and). I n c u. b a. t i n w a s c a r r led o u. t a. t 37 C -f o r 25 mi n w i t h
rn e t h y 1 a. t?? d o v a 1 b u. rn i n a. s a. r t i. f i c a. 1 s u. b s t r a t e. v' a u i e s s h o w n a. r e t h e
rne an va 1 ues o-f t h r ee sep ar a t e exper i rnen t s. Pr t e i n me t hy 1 es t e r a.se
a. c t i v i t y is e x p r e s s a d i n an i t s p e r rn q p r o t e i n= 0 n e a n it is
d e -f i n e d a s t h e a. c t i v i t y t h a. t t r a n s -f e r s o n e u. rn o 1 o -f rn e t h y i g r a a p s
p e r m i n a t e.
Gossypol Concentration (M)
Figure 3-IS. E]_ectrop hores j_s o£ me ted Iiit testes liomogeaj: e
Electrophoresis wa. 5 performed as described in materials a nd
methods. Pur if ied RT1 enzyme was u.sed and rat testis homogenate
was ij.sed as su.bstrate (at a protein content o-f 240 rngm 1). Abou.t
6 mq protein (containing approximately 10,000 cprn) was loaded to
each slot. Electro p h oresis was c a r r ied out -for 4 ho u r s a t 4 0 m A«
pa- plate. The samples were sliced and counted (see materials and
methods). The activities -for the control(•) and treated,(,
_ nr
-_5
3 x 1 0 M g o s s y p o 1 in PC M r eaction mad 1 u rn) w e r e s h o w n.
T{-te mo 1 ec 1 .t. 1 ar weights o-f t he s t aridards used ar e
A. B c v i n e s e r u. rn a 1 b u. min, 67,000 dal tons
B, 0 v a. 1 b u rn i n, 4 3,000 d a. 1 tons
C. Carbon i c a.nhydrase, 30,000 dal tons
D. So yb e a n t r y p sin in hibitor, 20,100 daltons, a nd
E- Alp h a- 1 ac t a 1 b urn in, 14,400 dal tons.
Freaction Number
B. J_D22 of. Pjio j_n. c a21.b Di j£j_]TJ: h.jJ_ss e j_n m j_c e a. nci _i_ jt s
sensitivity to qossypol:
1. e_t_i_on of ££oki?_LlL £IlJ2ki2iijL.i• The elation
prof i le o -F the mo u s e testis cytosol in a Sep had e x G- 1 0 0 col u. m n i s
s h o w n in tig u. r e 3-19. T h e mice testis en 2 y m e s h o w s a n a. c t i v i t y
pea k in fraction 21 w i t h 5% act i vi t y o t t h e rn a. j o r p e a. k a. t
traction 39. As BSA was eluted at traction 25 ot the same column,
t h e e s t i rn a. t e d rn o 1 e c u 1 a r w eight of t h i s m irior f ract ion w a. s q r e a t e r
t h a n 67,000 dal tons. This rn alec u. 1 a r w e i g h t is h i g h e r t h a. n a n y
r e p o r ted d a t a and its t o t a 1 a.c t i v i t y i s o n 1 y 5% o t t h e rn a j a r
p e a k. It is not s u r e w h e t h e r i t r e p r e s e n t s a n ew rn o 1 e c u 1 s. r
species or a. contamination ot the activity from the major peak.
Its identity was not t ur t h e r investigated. Mo 1ec u1 ar weight o t
the ma i or a.c t i v i ty peak was a.r ou. n d 25,000 d a 1 t ons.
Ion exchange c hr ornat oqr ao h v of the mouse enzyme aqain
r e v e a 1 e d t w o c h a r g e isomers (Fig. 3-20) el u ted a. t 0 .07 and 0.24 M
ft
NaC1, the v a1ues are uite simi 1 ar to that o f the rat isozymes
(Fig. 3-4). The activity of the first el u. ted isozyme w as 1.4
u. nits w h i le t ha t of t h e s e cond i s o z y m e w as 4. 0 u n i t s,
ccrrespo n d i n g to a n s. c t i v i t y r a. t. i o of 1: 3. 3 3. The i s o z y rn e s w e r e
referred to a s M T I a n d M T 2 respect i v r I y for f u r t h er disc u ssia n s.
2, of gosypoj o_n _t he c_t_i_v_i_t.i.2. Oi. kllS RLSkiLLlL
c ar boxv 1 rne t hv 1 at ion- demet hy 1 at i on svstem. The effect of qossv o 1Mill—»—— i..- IB, -V.. I- -r-|-—---.----!--, I I nm m l m i« i i 1 OMBM.'!' mh•£
o n M T 1 a n d M T 2 a. r e s h o w n in figure 3-21 a n d 3-22 respective! y a n d
the effect of qossypol on the enzyme p r ep ar a t i o n e i u t ed f r orn
sephadex G- 1 0 0 col u rn n is s h o w n in fig u re 3-23. M T 1 w as f o u n d to be
F i q u. 'f e 3 -19, G 0_1_ ili_JELSjli_2.Q. _LliSE.ilSiiSii Gnl.G_)_ of. IEii.cs ilSS-i-lS
Siliessi 1G ml of a. -five volume Cwv) cytoso 1 sample was applied
to a column of dimension 2,4 X 60 cm and elated with 5 rnM sodium
o
p hospha.t e bu.f f er pH 7.4 at 4 C and a flow of 15 ml h r. The
e 1 1 u t i o n vo 1 u.rn n of BS A an d t r y p s i n oge n ar e i n die a.t ed by ar r ow s.
PCM activity(©) and protein( A) were measured as
d e s c r i b e d i n rn a t e r i a. Is a. n d m© t h o d s.
V o£3A 8 pupsino« en
Fractio n u rn her
Figure 3-20. I_°n ©J cjh an.3f? c h r orna t ography J.5EEzSejg h ad ex A -501_2. 2.f.
mouse t.esPC10 ml of sample from Sephadex G-100 was applied
to a column of dimension 1.5 X 40 cm and el u ted with 70 rnl of
sodium borate buffer pH 9.3 folio wed by a linear concentration
gradient of NaCl from 0 to 0.4 M in the same buffer. Flow rate
was 15 ml hr at the start. PCM activity(•), protein
( A) and ionic strength(—————————) were measured as






























































Fraction li u m b e r
Figure 3-21. o£ 39§§lE2i on MTi_ ac t j_yj_t v. The mouse enzyme
w a. s p u. r i r i 0 d a s d s s crib e d i n rn a. t e r i a. 1 s a n d rn e t hi o d s a n d t h e e -f f e c t
o- q a s s y p o 1 w a s i n v e s t i g a. t ed. I n c u b a t i o n w a s c a. r r i e d o u t a t 3 7 C
T- o r 25 mi n w i t h q el at i n a s a. r t i -f i c a 1 s u. b s t r a. t e. V a 1 u. e s 5 h o w n a r e
t h a rn e a n v a. 1 y. e a. o -f t h r e e s e p a. r a. t e a x p e r i rn e n t 5.
Gossypol Concentration (M)
Figure 3 --22= E£jf ec t_ of gossypql o_n MT2 act _i_ vj__t v. The mouse enzyme
we.s pu.r i r led as desc r i bed i n mat er i a. I s and rne t hods and t he e-f f ec t
o
o -f q o s s y p g! w a s i n v e s t i g a ted, 1 n c u b a t i a n w a s c a. r r i e d o u. t a. t 37 C
Tor 25 m i n w i t h g el at i n a s a r t i -f i c a 1 s u bstr a t e. J a 1 u es she w n a. r e
T h e m e a n a 1 u•» s -f t h r e f=«. e o a r a t© e d e r i m e n t s.
Gussypo! Concentration ( M)
F i qure 3-23, Iii££i of 3:2%JaZS£A £211 moase KCh £I22.i2.£ii 1.I12IQ
ELlI L£ A I trat ion, P a r t i a 1 1 y purified mouse PCM was
o
u. s e d i r the react ion, I ncubat i on was car r i ed cut at 37 C for 25
rn i n w i t h qel at i n a.s ar t i f i c b. 1 subs t r a.t e. Va. I u.es shown a.r e t he
rnea.n va 1 ues of t h r ee sens.r a t a exoer 1 rnen t s.a i
Gossypol Concentration (M)
- q
s i i gh t 1 y i nh i b i t©d by gossypo 1, at 1 0 M gossypel enzyrne
a. c t i v i t y w a. s r e d u. ced to 33 u n i t s rn g protei n, represe n t i n q
a. p p r o x imately 30% i nhibitiori. AT 10 M qoss y p o 1 en: y rn e act i v i t y
w a. 5 reduced to 13 u. nits rn q p r o t a i n, rep r esent i n g 4 3%
inhibition. On the o t h e r hi a. n d 5 M T 2 w as To u n d to be insensitive to
goss y p o 1 u. p to 10 M and. e n z y me act i v i t y w a. s rn a. i n t a i n e d a. t
a.r ound 85 units rng pro t e i. n t h r ouqhou. t the r a.nge o-f qossyp J
concentrations tested.
Decrease in rn ou.se testis MAP c a p ac i t y in a. s n oted in i t h a. n
increase in goss y p o 3. conce n t r a. t ion{ F i g u. r e 3~ 24). T h e M A P
c ap ac i t y a t 1. 0 M gassypo i was 0.073 u. n its rng p rotei n,
corresponding to 20.5% o -f t h e c o n t r o 1 v a 1 u. e.
C. Sensj. t j_y_i.ty of the M a t. h y 1_ a t. _i_on System _i_n Rat Soerrnatozoa t.o
The MAP c a. pac i t y o -f r at s p e r rn a. t o z o a. v.1 a. s t e s t e d a n d is q i v e n
i n f i g u re 3-25, 11 w a s q u. i t e s e no it i v e t o 90s s y p o i i n h i b i t i n.
The co n t r o 1 v a 1 u. e w a. s 4. 73 X 1 0 u. n i t s' rn g p r t e i n. T h e dec r ease
in MAP t o ok e-f T ect at as low as 5 X 1 0 M a. n d t. h e t e d u c t i o n 11» o u. g h
smoot h v.' as siqnif ic a n t -f r o rn I o w t o h i q h gossypo 1 c o n c e n t r a t i o n s.
At 10 M goss y p o 1 t h e M A P cap a. c i t y w a. s r educed to 4.16 x 1 0
u nits mg p r otein, correspo n d i n q to 12% 1 n hi i b i t i o n. At 1 0 M
qossypol the capacity was. reduced to 9.33x10 units rnq
protei n, u; h i ch corresponds to 80% i n h i b i t 1 o n.
F i ::l re -24. Ef.£c t of 3£55V22i on map cacacitv of _t he mouse
testes b.2I022S!2.S;i-!il-' The rnou.se testis hornoqena.te was prepared as
d eso r i b e d i r. tog t e r i a 1~ a.a d rn0 t. h od s. I n c uba. t i o n wa.s c a.r r i 0d du. t at
37 C 4 or 25 rn i n, Va. 1 ues shown ar e t he rnea.n va 1 u.es of t h r ee
s-? o a r a, f 5 0 x p© r i to e n t 5.
Bossy po! Concentration£ SV13
Figure 3-25, Effect of gossyoaf on MAP cage cfty of the rat
S.B.£J2H!Si.J0 Gmn 9en a'-0 w as p r ep ar e d a.s d esc r i bed i n mat e r 1 a 1 s.
a. n d rn e t h o d s. In c u. b a t i o n w a. s c a. r r i e d o u t a t 3 7 C -for 2 5 m i n w i t h
r a t s p 0 r rn a. t z o a 1 h o rn o g e n a t© a s M A P s, y a I u© s s h c w n a r e t h a rn© a n
v a] u e s o x th r©© s© p a r a t©© p e r i rn e n t s. MAP c a p a. c i t y w a s© x p r© s sad
i n :j. r its pgr rn d r o t e i n( A u n it is d e t i r© d a s t h a c ap ac i t y t in a t
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IV. DISCUSSIONS:
A. Puri-f ication of protein carboxy 1 methylase:
There a. r e m a n y f ract i n s that c a. r r y P C M activities. In r a. t
an d mouse t i ssu.e s, t he malec u. 1 ar weight o-f this e n t i t y wa.s 25, 000
d a 1 t o n s b u. t t h a t obtai n e d -fro rn r at i t u. i t a r v h a d a m o i e c u. i a. r
w eight of 16, 0 0 0 da 1 to n s. S i n c e t h is pi t u. i t a r y e n z y m e w a s
r epo r ted to b e on 1 y p a. r t i a 1 I y m e rn b r a n e bo u. nd (Dili be r t o a n d
A xe 1 rod, 1974). it is possible t h a. t m ost of t h e activiti y
o b s e r v e d in pi t u. i t a r y i s d u. e t o t h is 16,000 d a 1 tons rn o i e t y w h i c h
h ad been subsequently 1 i b e r at ed i n t h e h o rn ogenizing process. I n
t h e testis, only t w o c h a r g e i s o rn e r s h ad bo e n i d e n t i f i e d in bo t h
r at and rnou.se. Cusan §t aj_ (1981) howeve r f oun d t h r ee i sorners i n
the rat testis. T h e d i f -f e r e n c e 1 n t h e n u m b e r rn a y resid e o n the
differences in t h e orocedure o f e n z vrn e isolation. I n t he or e vio u s
report, r a t t est is c y t oso 1 w as d i r e c t 1 y app 1 i e d t o a BEAE-
S e p h a d e x c o 1 u m n w h i c h w as el u t e d w i j: h a p H 7 .4 TEM6 b u f f e r w h i c h
cantai n s .1 0 rn M Tris-HCl b u f f e r, 1 rn M E D T A, 1 rn M 2- rn e r c a p t o e t h a n o 1
and 10% g 1 y carol. 0n the o the r hand} in t he pre sent s t u dy PC M
prep a r a t i ons f r o rn a S e p h a. d e x G- 1 0 0 col u m n w a. s ap p 1 i e d t o a D E A E-
S e p h a d e x col u rn n a nd el u ted with sod i u rn b o r a t e b u. f f e r a. t p H 8. 3.
Since the PC M preparation was o n1y partial 1y p u r if ie d and t ha t
some i so zyme( s) suc h as t h se t hat d i f f e r ed i n t h e i r rn o 1 e c u 1 ar
w eights m i g h t h a v e bee n r e rn o v e d i n the f i r s t p u r if ication step,
a total of two c h a r g e i s o rn ens resol v e d m a y be well acco u nted f o r.
M oreove r this obse r v a t i o n rn i g h t be d u e to a c h a. n g e i n t h e p H
system used.
As o u. r aim is to s t u d y the effect o f qossypol o n these
moieties, the origin of the o h a. r q e is o m e r s h a. v e not b e e n
investigated -further. It may come from the seminiferous tubules
andor Leydig cells of the testis. I n the Leydig cells the en2yme
probably pi ays a role in t h e s e cretory funotion of the cell,
w h i 1 e in t h e semi n if srcus t u b u 1 e s the e n z y rn e rn a y t a k e pa r t i n t h e
process of spermatogenesis. Even if the isomers are oriqina ted
from the same origin, they may still carry a different but
selective rn e t h y latio n r e a c t i o n b y m e t h y 1 at i ng d i f f e r e n t
i n t r a cell u 1. a r p r oteins d u e t o a d i f f e r e nee i n t h e i r s u r f ac e
c h a. r g e. In v i e w o f t h e f a c t t h a. t t h ese isomers rn a y rn e t h y 1 a t e
d i f f e r e nt MAPs, it is conceivable t h at t h e v a r i o u s rn e t h y i a ted
products may p1 ay quite a different role in physiological or
biachemical regulation.
B. Act._i_ojn of 3os5yno_l_ 1212 P33i3.ili c aribo x v_l_ methyl at ion:
- £iE.ii3.Q Ei in ilin nni nni oinnnn nnninin nnninnni
met hv1 a s 0 s v stem l
a. Action of gossypcl on PCM activity All the c h ar qe
isomers isolated from the pituitary gland and the erythrocyte
were insensitive to g o s s y po1. The relatively low s pec1f ic
act i v i t y of the pit u. i t a r y and. e r y t h r o c y t a e n z y rn e s w a. s d u e to the
low PCM conteri t i n t h e t w o org a n s w h en c o rn p a. r e d w i t h t h a t 1 n t h e
testis, Of the two i sorn0r s f r orn t h e testis, on e f r actio n( RT 1)
can be s t i rn u 1 a ted b y the presence of q o s s y po 1. Si n c e testis PC M
a c f i v i t v i n h v nonh v sectomized rate w a s r e d u. cad b u. t the reduction1:
can be reversed by testosterone injection (Gaqnon et aj_.. 1979),
it is not k n o w n h o w t h e alter at io n f PCM b y goss y p o 1 m a y lead to
a. c h a n g e i n t h e reproductive physiology, b o t h in t h e e x t e n t a. n d
in the effect. As PC M a.c t i v i t y o -f o t hi e r o r g a. n s w e r e n o t a f f ecte d
by hypophysectorny, it seems that this qossypol af f ectible PCM
activity m ay be very specific, specific especial!y to the
rep r odu.c t i ve process, Eve n t h ou.g h on 1 y one of the t wo PCMs was
being affected, its o u. tcome in i n f 1 u. e n c i n g PC M f u. net io n,
especially in t h e s e n s e of w h a. t i s be i n g rn e t h y 1 a. t e d( t h e p r o d u. c t
is 1 i k e 1 y to be a c o rn pone n t i n t h e r e g u 1 a t i n g s y s t e m) m a. y b e
s i g n i f i c a n t,
T h e rn e c h a. n i s m o f actio n o f g ossypcl i n t h e elevatio n o f R T i
• a. c t i v i t y i s u n k n o w n, A p p a r e n t 1 y, t hi e r e a. ctio n w i t h g o s s y p o I
conver t s t hi e mo! e c u. 1 e to a. rn r e h y d r o p hi o b i c s t a. t e 1 e a. d i n q t o a.
corif o r rn a t iona.l c h a. n g e w h i c hi f a c i 1 i t a. t e s t h e i n t e r a. c t i o n b e t w e e n
su.b s t r a. t e a.n d t he PC M( RT 1),
b, The effect of qobsvodI on MAP caoacitv of rat testis 1—«'« I
The methyl accepting capacity of the rat testis hornogenate
exhibits a. biphasic response to qossypol concentrations. At the
p hysiological concentration, t hose of t h e g o s sy pol administrated
animals, it is e x pected t h a t a. s 1 i g h 1 y hi i g h e r M A P c a p a c i t y will
exist. T h a t. is to sa y, for- t h o s e treated an i rn a 1 s, t h e M A P
ca.pac i ty should be si ight 1 y h i gher.
c. Effect of qossypol on rat testis protei n me t h y 1 esterase
activity: Rat testis PME activity was already reduced at as low
_ -7y
as 6 x 10 M. A1 read v in the testis orotei n rnethvl esterase'
activity is relatively low when compared to that o-f PCM activity
(Gag no n et a_l_., 1979b)» Reduction in PME activity as a result o-f
gossypo 1 i nh i b i t i dn wou. 1 d 1 i ks? 1 y a,-!' t ect t he t u.r nov©r r ate o-F
methyl esters. This leads to an accurnu 1 at i on ot methyl esters in
t b e r a. t t est is. W h 0 n a. i 1 t h e 1-f© c t sot g o 5 5 y p o 1 o n p r o t e i n
c ar bo xy 1 rne t h y 1 at ion af t he r a t t est 1 s ar e t at e n 1 n t o
consideration, it is apparent that gossypol leads to an increase
i n t h e am c u. nt a t p r ot e i n me t h y 1 est e rs. This 1 n c r 0 as e i n sic a. d y
s 10 te o t pratei n rn e t h y 1 este r c o n t e nt a. p p e a r s t o b e a r e s u. 1 t a n t
ot an increase in the activity o-F PCM, a. decrease in PME activity
a. n d 3. n i n c r© a s e i n M A P c a p a c i t y. 0 n© 1© c t r o p h o r e s is ot t h e
rnethy 1 a10d r at testis hornogenat e, a sh i 11 i n t h0 rne t hy 1 a.t i o n
p a 11 e r t n o-f a 67,00 0 d a 1 to n p r o t e i n rn o i 01 y is obse r v© d. T h e
nature ot su.ch a shift as well as the change in total methylated
esters is u. n c 1 e a r a n d n©© d s t u r t h e r i nve s t i g a. tiens.
d. Action of gassypo 1 on t he mouse testis I I n rnouse testis,
b a t h pratei n c a r b o x y i rn e t h y 1 a. s e a c t i v i t y a n d t h e m e t h y 1 a c c e p t o r
capacity were found to be slightly reduced by gossypol. This is
d ifferent f rom that observed 1n r at.
2. Compar i_sj.gn of 3dssvpo]_ et£ ec t. art mouse ajnfl libit t est. j_s:
The co n tracept i v e effect o t g o s s y p o 1 o n rn ice is u n sett led. W h i 1 e
Hahn claim? d t h a t rn i c e a r e i n s e n s i t i v e to gossypol, S h i a n d Z h a n g
observed dead sperms i n t h e s e rn i n i t e r ou.s t u. b u 1 e s a. n d t h e
epididymis ot mice ted with gossypol d e rive ratives (a 1d eh yd e
group oxidized to a. c i d), w In i c h w e r 0 ac c orn p a 1 tied w 1 L h a
significant reduction in t he w© 1g ht ot t h e ac c0s sory reproductive
o r g ans( H a h n e t_ a J_., 1981; Shi and Z h a n g, 1980). In this at u. d y,
we have shown that the PCM system in rat differs from that in
mouse, Since t h e PCM system can serve as a goo d r e q u. lator for
cellular processes a. n d since n o c o n c r e t e w o r k h a. s be e n d o n e w i t h
the role o -f the m e t h y 1 a t e d proteins i n r e p r o d u c t i a n, w e c a n o n 1 y
spec u. late t h at s u. c h a. d if f erence i n s e n s i t i v l t y t o w a. r ds q o s s y p o 1
might be of i rnpor t a n c e in so e c i e s s e n sitivity to w a r ds g o s s y p o 1
contraception. Even t h o u. g h t h e details o -f t h e rn e t h y 1 a t e d p r o d u c t s
a r e 1 a. c k i n g, it h a s b e en reflected t h a t pro t e i n c a r b o x y I
methylation p 1 a.y a role i n t h e c o n t r o 1 of c e 1 1 g r o w t h a n d
differentiation (Cu.oan e t a J_., 1981). Since the process of
spermatogenesis is a. qro w t h and d i f f e r e n t i a t i o n o n e, it is hi q hi 1 y
p r o b a b] e t h at protei n c a r b o x y 1 m e t h y 1 a t i o n a. 1 so rn e d i a t e s t h e
g r o w t h a n d d i f f e r e n t i at i o n of sper rn a t o g e n i c cells( G a g n o n et
a J_., 1979). It hi as been r e p o r t e d t h at PC M act i v i t y of s p e r rn at 1 d s
in the testis are h i g hi e r t h a n t h a t of t hi e s p e r rnatozo a i. n t h e
epididymis, and in the epididymis PCM specific activity decreases
w i t h s p e r m rn a t u. r at i o n, '.v i t h c o n c o m i t a n t i n c r e a s e i n M A P capacit y
(Bouchard et aj_., 1980 a; Bouchard et a j_,, 19 S Ob). It seems the. t
t h.e re is a c h a n q e i n t h e PCM a c t i v i t y d u r i n g the process o f
development.
Fue t h er more, c a 1 mod u. 1 i n. a well k nown c a 1 c i u m b i ri d i n g
protein, is an e x c e 1 1 e n t s u. bstrate of PCM with a K m v a 1 u. e of
7X10 M. Calmodulin is involved in many calcium mediated
processes. In motile bull spermatozoa, calmodulin was f ound to be
located mainl y in t h e acrosom a. 1 r egio n a n d i n t h e postac r o s o rn a 1
region. 0 t h e r reqion s w h ere c a 1 m o d u 1 i n c a. n be f o u. n d are the n e c k
r egion, t h e upper part of the s p e r rn tail, i n c 1 u. ding t h e rn id-piece
and the upper part o -F the principal piece. The calmod u. 1 i n 1 n
sperm is essentially identical to the so rn a t i c e n z y rn e( Fe i n b e r q e t
a_l_ .5 1981). Since calmodulin appears o n 1 y i n t h e -first p a r t of
the sperm tail b u t do not d i s t r i b u t e a 1 o n e the w hole a x o ri e m e,
there is no d i r ect evidence t h a. t calmod u 1 i n mediates the effects
o f c a 1 c i u m o n t h e d y n e i n- t u. b u. 1 i n s y s t s rn, However, c a. 1 rn o d u 1 i n rn a. y
paly a role in the sperm acrosorne reaction since it was found
mainly in the acrosomal region and the acrosomal reaction was
f u nd to bee a. 3. c i u m d e p e n d e n t( H y n e and Garbers, 1979). T h e
presence of calmodulin in the spermatozoa somehow suggests a
potential role for calmod u. 1 i n i n t h e c a 1 c i u m-depe n d en t c o ntrol o f
sperm activatio n i n 5 p e r rn -egg f u sicn, a n d in rn icro t u. b u 1 e
disassembly process in the sper rn f 1 age 1 1 u m. Besides its role i n
m e d i a ting cell u 1 a. r rn o t i 1 i t y in the spermatozoa c a 1 rn o d u 1 i n rn a y
also invo 1 ved in t h e sperm a. toge n esis process as well. A n
alteration of t h e c a 1 rn o d u 1 in a c t i v i t y w ill hence lead to a
regulation of these processes. The calcium binding sites of the
calmod u 1 i n rn o 1 e c u 1 e a r e p r e d o rn i n a. t e 1 y q u. 1 t am a t e a n d asp a r ate
resid u e s, A n e u t r a. 1 i zat io n o f t h e ch a r gas o n g u. 1 t a m a t e a n d
a.sparate residues of the ca 1 c i urn binding site by protei n
car bo x y lmeth y 1 a t ion sho u 1 d t h e n r e d u ces the c a. 1 c i u rn b 1 n d i n g
a b i 1 it y of 13n e molecule. I n t In i s rn a n n e r, p r otein c a. r b o x y 1
meth y 1 a s e indi recti y r e q u 1 a t e s cell u. 1 a r processes rn e d i a ted b y
calmod u 1 in or b y c a 1 c i u. rn. As c a 1 rn o d u 1 i n i s p r esent i n rn am rn a. 1 i a. n
testis, spermatozoa a n d hu rn a n s a rn i n a 1 plasma i n h i g h
concentrations (For- r e s t 0 r a n d B r a d 1 e y, 1 9 3 0 J o n e 5 e_t a, 1978;
.J o n e s e t_ a J_., 1980; Dad rn a n a jt a_l_., 1977; Fei nberg e t_ a j_., 1981),
it is probable that the increase i n p rotei n- c a. r b o x y 1 me t h y 1 a. t i an
induced by gassypo 1 led to a reduction o-f calcium binding
ability o-f the calmodulin molecule, which may be an important
-factor needed for proper spermatogenesis.
Let us consider the effect of an elevation in the PCM
activity. It had been shown that PCM activity decreases but MAP
capacity increases in the process o-f spermatogenesis. This give
rise to an increase in the MAPPCM ratio during spermatozoa!
transit through the seminiferous tubules to the cauda epididymis.
This increase is 60 fold in rabbit spermatozoa and 10 fold in rat
spermatozoa (Bouchard et aj_., 1980). Whether this ratio is
important for maturation is not known. An increase in PCM
activity in the rat testis by gossypol will give a smaller ratio.
On the other hand, for a large value, as that in rabbit (60
fold), a slight change in the PCM denominator may not shift the
ratio great enough to upset its normal regulation of
spermatogenesis. This may be a speculation for why gossypol can
induce rat but not rabbit infertility (National Coordinating
group on antiferti 1 ity agents, 1978; Chang et. a_l_., 1980).
3. P£o;tej__n carboxyj. hJat j_on of rat. 5£ermat.ozoa are
hj_ghj_y. sensitive to gossypoJ_ j_n hi_b y;t j_o n: The most important
functions of the spermatozoa are motility and fertilizing
ability. Failure of either one of these may render the animal
infertile. The latter function includes several processes such as
capacitation, acrosome reaction and fertilization in mammalian
spermatozoa. Although the effect of gossypol on the fertilizing
ability of the spermatozoa is unknown, it is well documented that
spermatoal motility is inhibited by gossypol. In contrast to the
MAP capacity of the rat test is 5 MAP capacity o-f the rat
spermatozoa is to u n d to b e e x t r e rn e 1 y v u. 1 n arable to qossypo 1
i nhibitio n w i t h a t h r eshold 1 c w e r than 10 M. S i nee t h e a s s a y
pertormed may represent the total amount as well as the turnover
ct protein methyl esters, a reduction ot protein carboxy1
rn e t h yl at ion m a y come t r orn r e d u ced t u. r nove r r ate or an i nhibitio n
o-f the •format ion ot one or some ot the MAPs. It is definitely of
great i nt a rest to s e e in t h e f u t u r- e w hat molecule b e i n q
rn e thy 1 ated is affected i n t h e p r esence of gossypol.
T h e m a i n proposed r o 1 e of PC M i n t h e s p e r rn a t o z o a. is t hat o f
sper rn a t o z oal mot i 1 i t y and c h eirict a x is. It h as b e e n suggest e d t h a t
the rap id i t y a. n d reversibilit y o f t h e p r o 10 i rn c a. r b o y 1
methyl at ion and demethylation may serve as an on and off
rnec h an 1 srn f or t he r ever sal of t he beat i ng rno vemen t of t he
s p e r rn a t o z o a 1 f I ag e 1 1 u rn. I n p r e v i o u s reports, g o s s y p o 1 i n d u ced
rn ot i 1 i t y a r rest c a n n o t b e p u r e 1 y acco u. n ted f o r b y t h 0
d e p r i v a t ion of ATP si n c e cessation of motility took place at a.
lower gossypol concentration (Tso and Lee, 1931a.; Had ley et a_l_.,
1932). It is possible that the h i g h 1 y s e n s i t i v e M A P i n h i b i t i o n
m a y be anothe r facto r r elated to i rn m e d i a t e g d s s y pal md u c e d
moti 1 it y ar res t.
CHAPTER FOUR
THE BIOCHEMICAL AND PHYSIOLOGICAL EFFECTS
OF GOSSYPOL ON THE SERTOLI CELLS
I. INTRODUCTION
Sertoli cells a r e t h e o n 1 y sorn a. tic c e 1 1 s w i t h i n t h e
s e m ini-fero u. s t u b u. 1 e s which -f o r m p a. r t o-f t h e blood-test is-ba r i- i e r
to maintain a suitable rni croenvi ronrnent -for the qr owth
deve 1 opman t and d i -f -f er en tiation o-f- t he ger rn cells. They r equ 1 ate
the energ y s u. p p 1 y i n d e v eloping germ cells in s p e r mat oge n es i s
(Erernner at a_l_. 5 1981? St e i nber ger and Ste i nber qer, 1977 j Mea.ns,
19 75 Jutte et a_I_., 1982). It has been reported that the
u 1 tr a struct u. r a 1 c h a n g e s i n Sertoli cells con c e r n e d w i t h
p h agocytic activities w e r e induced b y 1 o n g t e r rn a d m i n s t r at i o n o t
qossypol (Wang et a _1_.. 1932), There is no i n-f or mat i on on the
effect of gossypol on Sertoli cells either yjn yyyc or yy yi t rp.
In rats receiving gossypol treatment, the germ cells were
affected but not the primidial ones (Xu.e et a_l_,, 19 30). Normal
spermatogenesis, ho w e v e r, res u rn e d a -f t e r cess a tion of go s s y p o 1
i n t a. k e. Since the s p e r rn a t c y t e s o f t h e mid- a n d 1 ate-sta q e s a. n d
the spermatids were reported to be the most severely gossypol
affected cells( X u e e t si., 1930), g o s s y p o 1 rn i g h t e x e r t i t s
direct cont r acept ive effect s o n t h e S ertol i cells s u c h t h a t
s p e r rn at oc y t e s and s p e r m a t i d s be i n g c 1 o s 1 y a s s o c i ate d w i t h t h e
Sertoli cells w o u id be affected, w h i 1 e t h e s p e r rn a t o g n i a. w a s left
intact. To s h o w w ts e t h e r q o s s y p o 1 e arts its contracept ive e f f e c t
t h r o u g h Sertoli cells, the biochemical and physioloqical effects
a -f qossypol on Sertoli cells in c u. 1 t u. r e w ere i n vest i gated.
A. Histology o -f the Testis:
The rat testis is composed o-f the tunica albuqinea, the
seminiferous tubules, the interstitial tissue and the major blood
vessels o-f the spermatic system.
T h e t u. nica a 1 b u qinea( o r t h e cap s u 1 e) i s a s h e a t h of -f i r m
and tough connective tissue highly vascularized by branches o-f
spermatic blood v e s s els. It is t h e o u t e r m ost p r otsctive t i s s u. e o-f
the testis, inside wh i c h the o t her p arts o-f t h e test i s a.r e
eno 1osed.
T h e semi n if e r o u s t u b u I e s c o n s i s t of t h e p e r i t u b u 1 a r t i s s u e
a. n d t h e s e m i n if e r o u s e p i t h e 1 i u rn. T h e p e r i p h e r y of t h e
seminife r o us t ubules in adult rats is c o n fined by p eritub u1 ar
tissue and associated components of the basement membrane. The
b a s e rn en t membrane c o n s i s t s of t in e b a sal 1 a. m i n a. a n d a f r a rn e w o r k o f
c o n n 0 c t i v e fibres, t o g e t h e r w i t in p e r i t u bula r c o n t r act i 1 e m y o i d
cells. The epithel i urn w i t h i n t h e semi n i f e r oils t u bule consists of
Sertoli cells and ger rn i rial cells. Distinctive j u n ction a. 1
complexes known as tight junctions are present between Sertoli
cells of the rn a t u r e r at testis (A rn s t e r d am a n d J am i e s n, 1 9 74).
These tight junctions ore ve nt the sec a ration of individua 1 S e r toi
cells so that the 1 a 11 e r ar e o n1y isolated as a gg regates. Some
germinal cells are embedded in these Sertoli cell a. g g r e gates,
t h e y become disloged d u r i n g s u b s e q u ent pnepa r a. tie n a. n d c u 1 t u r e
an d c an be removed d u r i ng changes of c u 1 t u r e rned i urn.
The interstitial tissue, i nc 1 uding part o-f the blood vessels,
lymphatics and nerves, constitutes the major skeletal -framework
of the testis and consists of cells and loose connective tis sue
that supports the blood vessels, lymphatics a n d n e r v e s o f t h e
testis. In the i nte r s t i t i u. rn t h e f o 1 1 o w i n g cell typ e s c a n be f o u n d
: Leydiq cells, fibroblasts, macrophages, lymphocytes and mast
eel Is.
B. Se r.0 C §11 s- Formation of jtjoe B_l_ood_j§ jtes tfobar r_ j_e,r 1
The myoid cells and the Sertoli cells c o ns titute t h e blood-
testis-barrier (Dym and Fawcett, 1970; Fawcett et a_l_., 1969;
1970). The former cons t i t u. t e s a. si g n i f 1 c a. n t p e r m e a b i .1 i t y b a r r i e r,
in addition, the tig h t j u n c t i o n s of t h e Sertoli cells for rn a
s e c o n d, a. n d a p p a. r ant 1 y a m ore e f f e ctiv© b a r r i e r t o t h e
p e n e t r at i o n of sub s t an c es t h r ou q hi t h e g e r rn i n a I ep i. t h e 1 i urn( Dym
a n d F aw cett, 1970). I n t h e s© rn i n i f e r- o u. s t u b u 1 as two c o rn p a r t m e n t s
ar e f or rned by t he ser t o 1 i cells an d t hie i r j u ncti ona 1 cornp 1 exes 1
1) a. b a s a. 1 co rn p a. r t m e n t b e t w e e n t h© Sertoli i u n c t i o n s a n d t h e
basal lamina, containing the spermatcqonia 1 popuI at10n and ear1y
prelaptotene spermatocytes, and 2) an aduminal compartment above
the Sertoli j u net ions, contai n i nq t h e o t h e r g e rm cells.
T h e composition of the. s e rn i n i f e r o u s t u b u 1 a. r f 1 u id d i f f e r s
from the composition of lymph fluid and blood plasma. (Setcbel1
and Waites, 1975). Earl y p r i rn a. r y s p e r rn a t o c y t e s rn o v© a c r o s s t h e
blood-test is-barrier and f u. r t h e r g e r rn cell d e v slop rn e n t o c c u r s i n
the ad luminal compartment of the seminiferous tubules. In -forrninq
the blood-testis -barriar, the Sertoli cells isolate s the p a r t of
the semini-ferou.s epithelium where rneiosis and halpoid gerrn-ce 1 1
differentiation occur.
C. Dependence of Germ Ce_l_ Is on Sertoli Cells for Survival
It is suggested that Sertoli cells participate in the
regulation or the process of sperrnato g e nesis, based o n t h e f ac t
t hat specific s urface in t e ractions exis t s between Sertoli cells
and t h a. t t h e Sertoli cells are the target cells o-f so m e
r e p r o d u. c t i v e hi o r rn o n e s (Stein b e r g e r a n d S t e i n b e r g e r? 1977; M e a n s,
1 975),
I n t h e sem iniferous t u.bu les t he Ser toll c e lis ma i n t a i n
specific s u r -face r ela.tio n s h i p w i t h q erm-cel Is o -f v a r i o u s s t a g e s
u p to spe r m i a t i on, 11 h a s b e e n s h o w n t hi at s u. r -f ace recoqni ti o n
bet wee n g e r m- c e 1 Is a n d S e r t 1 i cells e x i s t s a n d t hi e c o n tact a. r e a
bet ween Sertoli cells and qer rn ce 1 1 s wer e c h ar act©r i z ed by
d esmosome- 1 i k e junctions (Palornbi et a l_., 1979), and the degree
o-f adhesion is related to the d i -f f e r e n t i a t. i v e s t a g e o f t h e ger rn-
cells. The rate o-f a d h es i o n c+ r o u n d spermatids to Se r to 1 i cells
is much lower than that o-f pachytene spermatocytes and the former
i s u nable to -for- m i n t e r cell u 1 a r j u net ional specializations j_n
vjtrn (Zipe.r o et a_l_., 1980). T h e b e h a v ioural d if f e r e nces be t w e e n
the two '-enm-cell tvoes mav be due to modifications of the qerm-
eel 1 surface during spermatogenesis (Mi 1 lette and Eel 1 eve, 1977).
D u e to the s u r f a. c e rela.tio n ship between Sertoli cells a n d g e r rn
cells, Fritz (1978) s u ggested t hi a. t f u n ctional i n t e r a. c t i o n s
bet w e© n t hi e two cell t y p e s rn a. y b e rn e d i a. t e d b y s u r face rn e c h a n i s rn s.
D. Sert.oy Cej__l_s as Tar:3€?j_ CeJ_J_s of fi§:Iloduc t_i_ve Horroories:
FSH stimulates the secretion a-f aridroqeri binding protein
(ABP) and plasminogen activator (PA) from Sertoli cells (Davies,
1981; Steinberger et a 1., 1975; Fritz et a., 1976; Lacroik et
aj_.,1977) in a dose response manner. It is thought that ABP
buffers -fluctuations in the concentration of- androgen in the
extracellular fluid of the geminal epithelium as w e1 1 as
transportinq androgen to the lumen of the epididymis whi1e the
function of plasminogen activator is unknown (Davies, 1981).
Recently Huston and Stocco demonstrated that the same chemical
changes were also induced by TSH (Hutson, 197-78; Hutson and
Stocco, 1981). Besides, the activation of adenylate cyclase and
formation of cAMP within the Sertloi cells in immature testis are
also induced by FSH in a dose-related manner with a subsequent
increase in the rates of RNA, protein, and DMA synthesis (Davies,
1981; Francis et a_l_., 1981; Gr is wo Id and Merry weather, 1982). The
rise in cAMP content is rapid and transient since FSH also
stimulates phosphodiesterase activity in Sertoli cells in culture
after a laten period of one hour (Verhoeven ei. aj_, 1981).
In addition, the morphological appearence of the Sertoli
cells is also influenced by the above mentioned hormones yy vj_yq
(Murphy, 1965) and j_n_ yj_t.ro (Tung et a_l_., 1975; Huston, 1978).
The j_y yjLjtyo morphological response is characterized by the
alteration of cell shape from a flattened epithelial cell type to
a fibroblastic appearence cell exhibiting numerous cytoplasmic
fi 1o p o d a. The hormones can also induce mature phenotypic
expression in immature Sertoli cells including nuclear
indentation, nuclear development, and lipid inclusion (Solari and
Fritz, 1978). FSH may also i n f 1 uenee t he br eak down of tight
junctions between Sertoli cells at the time spermatocytes pass
from the b a s a 1 to the a d 1 u m i rial c o rn par t rn ent o f t h e s e rn inifero u s
tubules (Fritz, 1978).
Metabolic activities f t h e g e r m- eel 1 s h a s b e e n s u. q q e s t e d to
be ma. i n t a i ned by the 1 a.c t a. t e sec: r e t ed by t h e Sertoli cells( J u 11©
et ai-, 1981; 1982; Robinson and Fritz, 1981). This is supported
by the -foliow inqs:
1. germ cells isolated -from r at testes requ. ire exoqenou.s
lactate -for metabolic activities (Jutte, 1981 j 1982). A specific
isozyme of LDH localized in cytosol and mitochondria, (LDH-X),
in- h ich c a. t a. 1 yses r e f e r n t i a 1 1 y 1 a c t a. t e o x ida.tion is p r e s e n t i n
p a c h y ten© sper rn a t o c y tss a. n d spe r rn a t i d s as well as i n t h e
spermatozoa (Blanco et a_l_., 1976? Moist rich et aj_., 1977;
Mo n tarn at and Blanco, 1976)
2. protein synthesis in isolated spe r m a t o cy t e s is no t
inhibited by the presence of 5-t hio -D-G1u cose (N a kam ura a nd
Hall, 1977); but t he sur v i va 1 of gerrn cells depend ex tremely on
the activity of the Kerbs' cycle (Jutte, 1982). Lactate rather
t h an glucose is essential f or uridine incorporation, protein
s y n t h e sis a n d survival of isolated p a c h y tene s p e r rn a toe y t e s( J u. 11 e
et a 1_• j 1982; Nakamura et aj_., 1981). It seems that lactate
r a t h e r than glucose, is co n s u rn e d f o r e n e r q y production i n t h e
germ cells
3. whereas ejaculated spermatozoa can use g 1 u.cose or f r uc t ose
as substrates( V o q 1 rn ay r, 1975), q 1 u cose c a. n n o t s u ppor t t h e
metabolism of t h e developing ger rn ceils (M onesi, 1965), bu t t h ese
cells do s u. rvive i n t h e p r e s e n c e o f glucose a. 1 o n e vu h en a. d h e r e d to
Sertol i cells (J u. 11 e, 1981). G 1 u. cose is essential f o r
m a i n t a i nence o-f spermatogenesis j_n vj_yo (Mancini et a J_., 1. 960 j
Zysk et aj_., 1975) and for stimulation o-f the incorporation of
amino acids into testicular slices (Davis and Morris, 1963)»
4. almost all (95.8%) of the q 1 u. cose u t i 1 i zed b y S e r to 1 i
cells in culture is c o n v er ted to an i o n s, rn o s t of w h i c h could be
accounted for as lactate (Robinson and Fritz, 1981), and the
secretion of lactate by Se rtoi cells is stimulated 2-4 fold b y
FSH and g 1 u.cose( 3u 11 e et al_., 1932);
5. the same relationship exists in the female germ cells. It
i s k n ow n t h at i so 1 a t ed r at a.n d mouse o ac y t es u.se p y r u vat e o r
1 a c t a. t e a s e n e r q y s o u r c e s a. n d g r o w i n g o o c y t e s c a n s u r v i v e in t h e
a b s e n ce o f p v r u v a. t e w h e n c u I t u r e d i n t h e or se n c e of f o 1 1 i c u 1 a r4 i
g ra nu1o s a cells (E p pig, 1977).
It is e v i d e n t t h a. t t h e a c t i v i t y a. n d s u r v i v a 1 o f g e r rn eel Is
is reg u1 ated by Sertoli cells via t he c on version of g1u cose to
1 ao t at e i.e.. rne t abo 1 i c ac t i v i t i es of t he Se r toll cells affect
the ad hi e ring g e r m- c e 1 Is w h i 1 e the Sertoli cells a r e target cells
of ho r rnones t h a t r e g u late sperrnatoge n e s i s. I n o t he r w o r d s S e r to! i
cells or lactate secreted from Sertloi cells could be important
i n t errned i a t es for t h e r egu 1 at i on of t hi e su.r v i va 1 an d devel oprnen t
of germ cells by hormones.
In the present investigation, the effect of gossypoi on the
resp i r a. t o r y rate, t h e u p t a k e of I acta t e, d e o x y -D-g 1 u. cose, t h e
incorporation of u r idine, t he produc tion of lactate in response
to s t i rn u. 1 a t i o n of FSH a n d the conce n t r at i on of c A M P of Sertoli
c e1 15 were studied.
As developing germ cells are ad hered to the Sertoli cells,
the 1 at t e r w a s separated from t h e f o r m e r b y e n z yme digestio n
prior to cell cult u r e _i_n vj_t.ro. The Sertoli cells at t ac h e d t o t h e
c u1t ure dis h w hi 1e the g e rm cells a d herin g to t he Sertoli cells
w e re d e t a ched a. n d re rn o v e d d u r i n g c h a n g e s o-f c u. 1 t u. r e rn e d i u. rn. T h e
Sertol i eel Is were then employed for various assays after a.
h o rn o g e n a u s cell mo n o 1 a y e r w a. s est ab lis h ed. I t i s in o pad t h a t
t h r o u g h i n v e s t i g a t i n g t h e s e p a r a rn e t e r s, t h e m o de o-f c o n t r acept i v e
ac t ion or gossypol at the Sertoli cell 1 e v e 1 rn a y b e r evealed.
II. MATERIALS AND METHODS:
Male Sorague-Daw 1ey rats o-f age -from 20 to 60 days weighing
i 00 to 250 grams were used.
Trypsin, a 0.25% solution( i:25U Gibco Lab., Grand Is1 and,
N Y), was preoared i n calci u rn a. n d m a g n e s i u. rn f r e e H a n k' s b a 1 a n c c d
salt sol u t i u. o n( hi E S) p H 7.6, a n d sterilized b y Mi 1 1 ipore
filtration and s t or ed at 4 C. Coll agena.se (Si gma C harn. Co., Type
i A) was p r e p a red as a 0.25% solu.t i o n i n HBS p H 7.4, a.n d
sterilized by Mill ipore f i 1t rat i on before s t o ring at -2 0 C.
DNAse (Sigma. Chem. Co.), s t o r ed at- 2 0 C, w a s p repared i n 1 0 0
u.gml of H B S H 7.4, and sterilized by Mill ipore filtration. I n
the col lagenase treatment o-f tissue, DNAse at a final
concentration of 1 ugml was used. Lactate dehydrogenase (from
rabbit muscle) was purchased from Siqrna Chem. Co..
Penicillin-Streptomycin and fetal calf serum were purchased
from Gibco Lab.,Grand Island, NY. The culture medium employed was
Dulbecco'5 Modified Eagle Medium (Gibco Lab., Grand Island, MY)
supplemented with 1000 mg1 of glucose arid with L-G1 u. t arn i ne arid
sodium pyruvate except that in cultures for determination of
lactate content, culture medium without sodium pyruvate was used.
Penicillin (100 Uiril) and Streptomycin (100 ugml) were added to
the medium immediately prior to use. During the initial 48 hours
of culture the medium also contain 10% fetal calf serum to
promote attachment of the Sertoli cells to the culture flask.
The composition of Hanks7 balanced salt solution is as
follows (per litre): MaC1 8.Og, KC1 0.4g, CaC1 0.14g, MgC1 .6H20
0.Ig, MgSo .7H 0 O.lg, KH P04 0.06g, Ma HPG .2H 0 0.06g, and
4 2 2 2 4 2
NaHCO 0.35g.
The composition of Tyrode's solution is as follows (per
litre): NaC1 8.0g? KC1 02g, CaCl 0-2g, MgC1 0.047g,
Na.H Po. H20 0. 05g.
The foliowings radioactives were purchased from New England
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Nuclear: H- d e d x y- D- g 1 u c o s e j H -uridine? C (U)- lactate, s o d i u rn
salt? and H-cAMP.
Hydrazinium chloride was purchased from Merck Chem. Co. arid
glycine was purchased from Sigma Chem. Co..
C. XjsSJLit ion ajnd Cu_l_J:ur§ of_ Sen t.o_Li. CeJLJ_§
Sertoli cell were isolated according t o t he m ethod d e s crib ed
by Steinberg et. a. 1_. (1975). Rate o-f 20-60 days old were used. The
animals were sacri-ficed by cervical dislocation, the test e s w e r e
isolated, weig h e d, a n d bathed in w a r rn T y node's sol u. tior.. All t h e
•following proced u. res w ere d o n e u n der a septic c o n d i t i o n s: t h e
testes were decapsulated, c u t into s e v e r a 1 pieces a n d r i n s e d w i t h
warm (37 C) calcium and magnesium -free HBS. The washed testes
-f r agmen t s wer e t he n p 1 aced i n t o an au. toe 1 aved g 1 ass cu 1 t u. r e -f- 1 asl
(250 ml; D u. ran) c o n t a i n i n g 15 m 1 o f w a r m( 37 C) t r y p s i n s o 1 u t i n
per gram of testis. The c o n t e n t s w ere i n c u. b a t e d a. t 3 7 C -f o r 3 0
m in. in a L ab- 1 i n e D u bnof f I n c u baton- S h a k e r o p e r a. t e d a. t 8 5
cycles m i n u. te. D u r i n g the i n c u b a t ion p e r i od t h e t i s s u e
dissociated i n t o i nd i v i dua 1 sern i n i t er ous t ubu. 1 es. The con t sn t s
were t h en s t r a i n e d t h r o u g h a. s t a i n 1 ess steel si e v e (33 micron
pore size) w hie h a. 1 1 o w single cell a nd s rn all cell c 1 u. s t e r s to
pass t h r ou.g h bu t ret a. i ned t he sern i n i -f e r ous t ubu. 1 es.
The t u b u 1 e s w ere t h e n w ash© d w i t h w a. r rn sterilized HBS, a n d
collected into an s.utoc 1 a ved glass c u 1 ture -flask c o n t a i n i n q
approximately 25 ml o-f warm (37 C) coll agena.se and DNAse per
gram initial t i s s u. e. T h e c o n t e n t s w e r e t h e n i nc u. b a. t e d a t b C
-for- one hour, After the i ncub a t i on t h e H B 3 w as decanted si o w 1 y
after settled for 5 mi n. This t r e atment el i rn i n a t e d t h e c o v n p o n e n t s
of the basement m e m b r a n e a. n d rn o s t of the germ cells, w hi 1 e
c 1 u star e of Sertoli cells were left in the bottom of the c u. 1 :i u r e
f las k, The cell clusters w ere the n w a s h e d twice wit h w a r m H B S,
resuspended i n a su i t a.b 1 e amou n t of c u 1 t u r e med i u.rn an d
distributed am o n g plastic c u 1 t u. r e f las k 5 (25 in 1 or 150 rn 1,
Corning). T h e cells were inc u b a ted at 31 C i. n a. n a. t. m o s p h ere of
95% air and 5% carbon dioxide. The culture medium was
ma i n t a i ned a t pH 7. 4 and r ep 1 en i s hed e ver y 4S hou. r s.
9 Ef_f_ecj: of_ Gossypo_l_ cm Res j__r.jt_o_ry Ra_te of 9er tol_p Cg|]_s(
For r e s p i r a t i o n s t u dy( i n t e r rn s o f o x y gen cons u rn p t ion r a t e)
the cells were harv es ted b y tr ypsinization. Sertoli cells in
c u 1 t u r e w e r e i n c u b a. t e d w i t h w a r rn t r y p s i n f o r a b o u t 5 rn i n u tea a. n d
t h e trypairii zed cells w ere s u s p e n d e d i n T y node's s c 1 u t i o n,
pelleted by centricugat ion at 13,0 00 xg at 4 C, and resuspended
in a s uit ab1s volum e o f T ynode's solution, T h 0 cells wa re
r©D?st1v dioelted with a as te 1 s r pio ©ft e to dissociste 1 h0
a. g g r agates d u e to tig h t j u n c t i o n s b e t w e e n 8 e r to 1 i cells.
The effect of qossvpal on the r 0s,0 i r at ar y r a. t e of f r esh 1 v
digested Sertoli cell a. g g r a g a. t e s w i t h g e r rn eel Is a 11 a c h i n g t o
t h ern was a 1 s a i n ves t i gs.t ed. T h e cell' agg r ega t es we r e used af r es h
a f t e r e n z y rn e dig e stion a n d w a s h e d w i t h T y r o d e' s sol u t i o n b y
c e n t rifugatian at 13,0G0 xg, and r esuspe nded in a su1table amoun t
of Tyrode'5 solu tio n,
The i ncubat i on rned i urn cont a i n ed 3.9 m 1 Ty node's so 1 u t i on pH
7. 4, 1 rn 1 Sertoli cell s i n T y r ode's sol u t i o n 5 a. n d 0,1 rn I q o s s y pal
dissolved in PBS pH 7.4. in testing t he ef f ec t of go ss y p o1 o n
purified Sertoli cells, go s sy po1 was dissolved in PES pH 7,4
containing 0.05% T we e n- S0„
G o s s y p o 1 sol u. t i o n w a s prep a r ed b y s u s p e n e d i n g qassypol 1 n a
srna 1 1 amount of PBS pH 7.4 with or without 0.05% Tween-80,
v o r t e x 0 d (Thermo 1 y n 0 Ma x i M i x, T hi 0 r rn 0 1 y n 0 C o r p. D u b u. q u 0, I a w a.,
U.S.A.) and sonicated in a. Era n s o r 1 E 3 u. 1 t r a s o nic c I 0 a. n 0 r( E r ansa n
Cleani n g 0 q u. ipme n t Co., S h el to n, C o n n., U. S. A.) to break do w n t h 0
a. g g negates present. After s u s p 0 n s i o n b y T w een-80, the d i s s o 1 u. t ion
was started by the addition o-f a mini m u. n arnou. nt of 0.5 N MaOH
solution to d i o s s o 1 v e t h 0 g o s s y p o 1. P B S w a. s t h e n a d d e d quic k 1 y
a n d t h e p H w as adjusted to 7.4 b y 0. 5 M H C L. Mo r e P B S w a s added
t o g i v 0 t h 0 r e q u i red d i 1 u. t i o n.
I n the assays, cell po p u 1 a t ion w a s rn a. i n t a i n e d at
ap p r o x i rn ate 1 y 300 aggregates rn 1. Incubation w a s cam i e d o u t a t
37 C. The respiration rate was followed with a. YSI Model 53
Biologic a 1 0 xyg en M onitor( Y eI 1ow Sprin gs In s t rumen t Co., Y el low
S prings, Ohio, U.S.A.). A p r e i n c u bat i on period of 5 rn i n u t e at 37
C was allowed for the cells to reach a steady respiratory rate
before 0.1 ml gossypol of calculated concentrations was added.
. The r eapirato r y r a t e was t hi e n rn o n i tored for 5 more rn i n u tea.
1 ci
E. Effect of Eq55vpol_ ojo jtjoe Ud j: ak. e of C jqL ac_t _i_q_ Ac_i_d by
SenjtoXj. Cej_j_s:
Cells were prepared in the same way as that for respiration
studies. A 1 i q u t s w ere pipetted into 1 rn 1 rn icroce n t r 1 f u g e tube s
(Sarstedt, W. G e r,) The i n c u b a t i o n m e d i u rn contained 0. 8 rn 1
Tyrode's solution pH 7.4 with glucose omitted, 0.1 rn 1 of PBS or
gossypol in PBS p H 7.4 w i t h 0. 0 5% T w een-80, and 0.1 rn 1 C- lactic
acid with a specific activity of 0.2 u.C i umole. The total lac t a t e
cone e n t r a t ion w as 1 m M. T hi e r e a c t ion was s t a. r ted b y the add i t 10 n
of radioactive lactate. I n c ubat i o n f or 30 rn i nu t es was c ar r i ed ou t
□at 37 C i m a. Lab- 1 i ne Dubrm-f-f Incu.bator-Sha k er, ope r a. t ad at 3 0
cycles per minute. T h a cells w a r e h a r vest a d b y hi i 1 1 i p o r e
-filtration at the end of- the i n c u. bat i on p e r i o d( MI 1 1 i pore f l 1 t e r
w i t h 0.45 yi. p o r a s i z a, 2 5 m rn die.., S c h laic h e r a n d S c h u. I 1, W. G a r.)
a. n d w ashed t hi rice w i t h 4 rn 1 a 1 i q u. o t s o f 5 0 m M lactic a c i d a t r o o rn
tamp e r a. t u r a,
The cells we r e the n a v a p o r a t ad t o d r y n a- s s a. t 6 0 C a n d a a c h
hi i 1 1 i p o r a f i 1 t e r was i rn rn arse d i n a. c o u n ting vial containi n g 7 rn 1
o-f scintillation -fluid (0.4% w v PRO; 0.04% w v P0P0P; 33% v v
Tr i ton X- 1 GO in T o 1 u. a n e). T h a capped c o u n t i n g v i a 1 w i t h its
c o n t a n t s w a s s h a. k e n -for 2 h o u r s a n d c o u n ted i n a L i q u. i d
Scintillation Counts r( LS 7 0 0 0 Liquid Scintillation S y s t e rn,
Bee k m a n I n s t r u. m© n ts, I n c.. F u 1 1 e r ton, Calif,, U. S. A.),
Protsin d a t a r rn i n a t i o n w a. s car r i e d o u. t s e p a r a t a 1 y a c c o r d i n q
to the method described by Low ry at. a. j_. (1951).
F. Effect of EossvgoJ. on the Up Ji a_k e of De o yyy DyGyiqose by
S£r.toJ_i. Ce]_j_s:
The method u sad was si rn i 1 a r to that o -f 1 ac tat e u p t a k e e x c e p t
the sugar was used in place o-f lactate in the incubation medium.
The concentration o-f deo x y- D- g 1 u. c o s e w a s 1 rn M c o n t a?, i n i n g 0. 02 u C i
o-f H- d e o x y-- D- g 1 u. cose, AT t e r t h e inc u. bat ion period the cells w e r e
washed thrice, each with 4 ml portions o-f 50 mM deoxy-D-g 1 u.cose.
G. Effect of Gob svgof on f ll£ Xn£°2LR£lLJL!Li-°n of H zUjyf d f _n e
f nto Se r_f off C of f o in Cuff ur.e(
Sertoli cells cult u r e d f o r a t least n e w e e k w e r e u s e d. Th e
'Sertoli cello were essential 1 y f r e e of g e r rn cells c o n t am i n a t i o n
a s g e r m cells h a d been dislodged -f r rn t h e f or rn e r d u. r i n g the
c u. I t u. r i n g period and disc h a r g e d d u r i n g c h a n g e sot c u. 1 t u. r e m e d i u. rn.
T h e incubatio n m e d i u. rn w as Dulbecco's modified e a q 1 e rn e d i u. ni
( DMEM) s u. p p 1 e rn e n t© d w i t h peniciili n( 1 0 0 U rn 1) a n d s t r e p t o rn y c i n
( 1G 0 fx g ml), The cells w e r e t r e a t e d w i t h F S H (0.1 U ml rn e d i u. rn)
t w o d a v s before t In e e x o e r i n rn e n t.
The Sertoli cells were bathed' i n 5 rn 1 B M E M in 25 rn 1 c u. 1 t u. r e
f lasks with gossypol d i sso 1 ved t o t he studied concen t r at i on. TIne
f i n a 1 concentration o f t r i t i a.ted u. r i d i n e w a s 0. 0 04 m M w i t h a n
a c t i v i ty of 0.1 u C i ml. After the addition of t r i t i a t e d u. r id i n e
the Sertoli cells wer e cu. 1 t u red at 31 C for 10 rnor e bou.r s bef or a
t h e am ount o f i nco r p or at i o n w a s d e t e r rn ined. At t h e e n d o f t h e
inc u. b a tion period t h e c u 1 t u. r e m e d i urn' w as disc h a r g e d a n d the cells
washed t h r i ce, ea.c h w i t In 5 m 1 of 1 rnM cold ur i d i ne d i sso 1 ved i n
phospho-but-fer ed saline (PBS). Af t er wash i ng r es i d u.a. 1 PBS was
removed by means of a pasteu.r i oe 11 e. and .1 rn 1 of PBS wa.s then
re-add e d to t In e c u 1 t y. re f I a s k a n d the cells w e r e In a r v este d w i t In a
r u bber police rn a n. T h e c o n t e n t s o f t In e c u. 1 t u. re f 1 a s k w e r e t In e n
t r a nsf e r red t o 2 m 1 m i croce n t r i f u. ge t u. b e s( S a r s t edt, W. Ge r rn a n y)
cooled i n an ice bath. T In e cells w e r e then fractionated b y
sonic a. tion Qoerated at 3 0 seconds b u. r s t w i t h 30 seconds c o o 1 i n q
at 20 K H z w i t In a. n esd 1 e r o b e set at 75 W, wit In the Sonicato r-
Cell Disrupter (Model W 2 0 0 R, Heat Syste rn- LI 1 t r asonics, Inc.,
P 1 a i n v i ew, New Yor k, U.S.A.). The tot a. 1 son i cat 1 on t i rne was 2
m i n u. tes. 1 ml o -f 30% T C A w as t h e n a. d ded to the rn i crocentr i f u q e
tubes to precipitate the pro t e in as w ell a. s R N A p r e s e n t, folio w e d
by centr i-fuqat ion in a table-top microcentrifuge (Eppendorf,
N o. 5 4 1 4) for 5 mi n u. tes. The pellet was dissolved v; i 1: h 1 0% S D S
overnight, and 0.1 ml a 1 i quots of which were used far-
determination of both uridine incorporation and protein contenf.
H, Effect of Go55£d]_ on Lactate R J2.0 _i_ o n_ by Per t. gJ_jL Co|_X5:
T h 0 eel 1 s w e r e t r eat p d i r f!•-,,=. e w a y a. s t h a t i n
deter- m i n a t i n a y r i r! i n e i n r- o r o o r a t i o n e' ceot t h a t t h e S er tol i cell sc:~
were cu 1 .n-ed in the presence of qossypo 1 for two days af t er
b e i n g t r e a t e H w i t h FSH. At t h e t e r rn 1 n a t i o n a f i n c u b a t i o n t h e
c u. 1 t. u. r e m e d i u m w a s col 1 e c t e d f o r 1 a c t at e c o n c e n t r ation. Gossypol
i n the c u 1 t u r e m e d i u m w a s 0 x t r a c t e d b y v o r t e x i n g w i t h a. n o r g a n i c
sol v e n t co n t a i n i n q eq u. a 1 p a r t s of ohloro f o r m a n d i so- am y 1
alcohol, which essen t i a 1 1 y r 0 rn o v e d a 11 go s s y pel. This is a v e r y
effective method in removing gossypol from an aqueous solution
s i nee t h 0 c o n c e n t r a t. i o n of gossypol h ad be e n rn on i t e r e d w i t h a
spec t r op h o t o-me t e r using the wavelength 322 nm for detection of
q O 5 SVDOl.—•• t
The lactate content i n the cu 1 tu.re rned i um wa.s assayed by
en z y rn a t i c method as d e s c r i bed by G u. t m a n n a. n d W a. h 1 ef eld (1974)
+
e rn p 1 o y i n q the L D H en: y m e a n d u. sing N AD as the s e c o n d s u b s t r a. t e.
The reaction rn i x t u. re consisted of 2.7 ml of hydrazine q lycine
b u ffer (0,4 M hydrazinej 0.5 M glycine; p H 9.0), 0.1 ml o f 40 mM
+
NAD and 0.1 ml of cultured medium. Reaction was started with the
addition o-f 0.1 ml of LDH (Sigma Chem. Co., about 5 mg. protein
ml) and the r eactio n w as rn n i ten e d at 3 4 0 n rn w i t h a V a r i a n model
C a n v 210 spectroDhotometer,
A 1 i q u ots f r om the cell h orn o g e n a t e w e r e u. s e d -for protei n
d e te r mination„
1 .Oil cAhlP Prod uc tj_on by Ser .t oj__i_ CeJ.__l_s jl_n
Cujt,ur.e I
T h e u ndsr 1 y i n g m e thod w a s similar to t h at -f o r d e t e r rn i n i n q
u.r i d i ne incorpor at i on excep t that Sertoli cells wer e cu. 1 tur ted
-f o r 24 mo r e h ou. r s a f t e r i n c u.b at i n w i t h gossypo 1. T h e c AMP
content o-f the cell homogenates was assayed according to the
rn e t h o d d e s c r i b e d b y W as t i la. e t a 1. (1971), e rn p 1 o y i n g c A M P-
depend e n t. p r o t ein k i n a s e a n d p r o t e i n Li i n a. s e i n h i b i t or- i n t h e
3.5E-8.V,
T h e c A MP-deo e n d e n t d r o tei n k i n a s e w a s r e a r e d -f r o rn r a b b i t
muscle according to Wast i la at, a J... (1971), and protein kinase
i n h 1 b 1 t o r w as or e pared as' d e s c r i bed b y W a 1 s h et a_l_. (1971).
T h e i n c u b a t i o n rn i x t u. r e c o n s i s t e d of 0- i ml e a.c h o f t r i t i a t e d
o A MP (1.31 p rn o 1, 0.05 p. C i), p r otei n k i n a s e, p r o t e i n k i n a s e
in hibito r a n d t h e sample to be a s s a y e d i n a 1 m 1 rn i c r a c e n t r i -f u g e
t ube. The react i on was s t ar ted by addition o-f t he p r o t e i n k i n ase,
followed b y imm e diate mixing a nd inc ubatio n in ice f or 2 ho urs.
0,5 ml of BSA-coated c h a r c o a 1( N o r it A 4 rn g ml i n 0. 02 M
potass i u rn p h o s p h ate b u. f f e r p H 6-0 wit h 0. 5% B S A) w a s a. d d e d aft e r
the i n c u bat ion folio w e d b y i rn rn ed i ate rn i x i n g a. n d i n c u. bat i o n i n
ice for 5 rn ore rn i n u t e s. T h e t u. b e s w e r e t h e n c e n t r i f u g e d at 90, 0 0 0
xg -for 7 m i n u. tes a. n d U. 7 m i a 1 i u. o t s w ere collect© d -f- o r
radioactivity datermination.
Ill, RESULTS:
A. J_J_ Ee j_i_5
Th© successive steds o-f i so 1 a t i on o-f ser toll cells by
c u. 1 t u re is s h o w n on plates 4- 1, 4-2 a n d 4- 3 r aspect i v e 1 y. P 1 a. t e
4-1 shows c 1 uste r s o f -f r es h 1 y i so 1 a t ed Sertoli cells w i t h
q e r rn inai cell s a 11 a c h e d. D u. e to t h e p r e s e n c e o -f tig h t j u n ctio n s
b etween Sertoli cells, t h e cells w e r e on 1 v s a p a r a 10 d a s c 1 u. ste r s,
Plate 4-2 s h ows Sertoli ceils a 11 e r 2 d a y s o f c u. 1 t u. r©, Indivi d u. a I
cells gave o-f-f cytoplasmic processes. At the same time, the cells
attached to t h e c u. 1 t u. r e f 1 as k. Germ cells w e r e still c I e a r 1 y
s h o w n a 11 a c h i ng t o t h e u. n d e r 1 y i ri g s e r t oil cells indivi d u a. 1 1 y b y
means o-f speci-f ic i u. n c t i o n s. P 1 a. t e 4-3 s h o w s s e r toll cells a -f t e r
o n e wee k o -f c u 1 t u. r e. Most o t t h e q 0 r rn eel Is w e r e d i si o d g e d a n d
t h e c y t o 1 a. sm i c u. t g r o w t h s o-f t h e s e r to 1 i cell s b e g a n to b e less
e v i dent. The cells w a r e c u. 1 t u r e d -f o r u. p to on e m a r 0 w e 0 k b 0 f o r e
v a. r ions ass a y 5 o 0 r e perl r m© d t o rn a k e s u. r 0 t h a t t h 0 p o s s i bill t y
ot cent am i n at i o n b y g© r m eel Is h a d b e 0 n r e d u. c 0 d t o a. rn i n i rn u. n.
B, Effect of Gossypof on the _i_o n_ BeLLE of Ser toj_ _i_ Cef__i_s:
T h 0 effect o-f qossypa 1 on t hi 0 resp i r a t o r y rate o-f ser to 1 i
cells (expressed i n t e r rn s of- rata o-f o x y g e n cons u. mpt ion) is s h o w n

Plate 4-1. FsJhJ i§o]_ated se_rj:ce|l_5 germ cells
ajt t_ac hed« The ss r toll c e lis wer e i so 1 s.t ed by t r yp s i n treatrne n t
-f d 1 1 owed by cell a.qer ase. Du.e t o t he p r asanc a c--f t i gh t j u.nc t ions
b a t w e a n serol i eel Is. t h e eel 1 s r e rn a i r. a s soc i a t e d i n s h o r t c h a i n s
a n d c 1 u stars. G r i q i r a 1 rn a g n it i cat i o n X 2 0 0. P r e s e n t
ro rc n J T.-, s-' t?

P I a 10 4-2. Ser t.a_Li_ ce JLJ. js t_wo davs af ter cuJ__ture- The cells
w e r 0 c1 t u. r e d in B M E M w i t h 1 0% -f e t a 1 calf s e r u. rn, penicillin 100
U m 1, and s t r ep t omy c i n 100 u. qrnl and i nc abated at 31 C with an
atmosphere of 5% carbon dioxide and 95% air. As the Sertoli
cells b e q a. n t o q i v e o f f c y top 1 c.s vn i c o u. t 3 r c w t h s? t hi e a 11 a. c hi rn e n t of
q 0 r IT- c: 0 1] 5 10 5 e n t c 1 i cells w e r e still a v i d 0 n t.
0 r i 3 i n a 1 n a 3 i n i f i c a t i a n X 20 0. P r e s e n t rn a g i n if i cat i o n X 700.

P 1. at4 3, Sej2.t,ol.i. cs cujjed for one weejk, Culture
condition mas t he s arc© 3.3 t h a t stated in p i ate 4-2 except that
-f e t a. I c a 1 -f- s e r u. t.; a s o rn i 11 a d a -f t e r t w o d a y s o f- c u. 1 t u. r e. T h e g e r rn
c. e 1 1 s;,! e r e a 1 rn a s t a 1 rn i n a t e d a n d t h a c u 1 t u r e c o n s i 5 t e d g t a
rn o n o 1 ay© r f s s r t o 1 i c e I 1 s c n 1 y.
2•- i q i n 3 1 rn a. q i n i f i c at i c n X 2 0 0. P r e b e n t rn a. q i n if i c. a t i o n X 700.
i n -fig u r e 4- 1. t h 0 Id 1 -i e r c u. r v e s h o w s t h e resp i r ate r y r ate o f
-fresh 1 y isolated sertol i eel is w i t h g e r rn cells a 11 a. c h e d w h lie t h e
u pper c u r v e s h o w s t h at of i s o 1 ate d sertol i c ells. R e s p i r at ion o-f
Sertoli c e 1 1- q e r rn c e 1 1 a q q r e g a. t e s w e r e s i g n i f i c a n t 1 y i n h 1 b i t e d b y
goes y p o 1 The c c n t r o 1 v s. 1 u. e w as 1, 7 0 n mo 1, o x y g e n cons u. rn e d mi n.
- i 3
mq, prctein At g o s syp o1 cone ent ra tion of a s 1ow as 10 M, 3 3
% o-f t h s o r iqi n a 1 r a t e o-f o x y g e n c a n s li rnp t ion w as in h i b i t e d. 1 In i s
i n h i b i t i on c o n t i nu.es w i t In i nc r eas i n q gossypo 1 c onc en t r at i on
bet wee n 10 a n d 10 M, an d o n 1 y 55% o-f t h e or i g i na 1 va i u.e
- 1 0
r 0 rn a i n e d a t 1 0 M. H o w e v e r; t h e i n h i b i t i v e e -f -f e c t w a s t h© n
som e w h a t 1 e v 0 led off. 0 n t h© oth 0 r In a n d t h 0 p u. r e i bo 1 a 10 d s e r to 1 1
eel 1 s( w i t h o u. t germ cells a 11 a c h e d) w e r 0 less v u 1 u. n e r able to
gossypc 1 i n h i b i t i an( t he up 0r cur ve, -f i q. 4- 1) I n spit© o-f a
s rn all reduct i n i n r e s d i r a t i o n w a. s s e e n. t h e r e w an s no s h a. r
i n h i b i t i o n a s 3 h a w n i n t h 0 s 0 r t o 1 i cell- q e r m c e 1 1 a. g g r 0 g a t e s a. t
a b a a t 1 0 -10 M. I n h i b i fc i o n a. b o v e 10 M 3 0 e rn 0 d t o b e
i r- ppqu. I a.p a.nd cgns i d 0p 0d t c fc-0 i n53 i qp i -f i c an t a.s fc h0 rn0a.0u.r 0m0n t
I
h a. d a. 5% e r r o r( d a. t a. n o t s h o n). It s h o u. 1 d b e p o i n ted o u. t t h a. t
the pij.r i -f i ©d Sertoli ceils wer e a.ssa.yed i n t he pr esence of Tween-
SO whic h also e x h i b i t a d ef i n i t e t hou.gh slight i n h i b i t i on on ceil
respiration. The T w ©en- S 0© -f f e c t h o w e v e r w a. s a coo u. n t e d f o r b y
s u b s t r a c t i n q i t -f r o rn t h e o t h e r v a. 1 u. e s.
1 d.
-4.i
C. EIf_f_ec t, of 0ossyg_o_l_ ojn CyLac tate ypb.li§:
L a c t a t e u. p t a. k e b y Sertoli cells w a s n c t c h a. n g e d b y g o s s y pel
a, t co n cent r a tic n s f r c rn 3 X 1 0 to 10 M (fig u. r e 4- 2). T h e cent r o 1
i'i as 1.6 rn M 1 a. c t a t e rn g. p r otei n 3 0 m i n..,
Figure 4-1. E£f_0C t. of SSSSvgioX cm Peso jm a torv rate of
sejt-oJX ceXi. The incubation medium contained 3.9 ml T y node's
sol u t i on at p H 7.4, 1 rn 1 of- f r e s h 1 y isolated Sertoli cells i n
Tyrode' s sol u. t i o n, a. n d 0.1 ml gossypo 1 d i s s o 1 v e d i n PES pH 7.4
cant 3. i n i n q 0. 05% T w een-80 o r 0.1 ml PES c a t a i n l n g 0. 0 5% T w een-
80, The a s s a. y w a s c a. r r led at 3 7 C. T h e 10 0% control s w ere 1. 7
n rn o 1. a x y q e n cons u. rn e d rn i n. m g. p r o t e i n a n d 1.35 n rn o 1. o x y g e n
cons u. m e d f rn q. p r otei n -f o r C A) a n d( B 5 co r r e soo n d i n q 1 v.
C r u. d e(©) a. n d p u. r i -f i e d (A) p r e p a. r at id n.
GOSSYPOL CONCENTRATION (M)
Fiqu.re 4-2. Ef f ec t_ ojf SosevdoJ. on kkLskkkkk kkkklik 21
se_r jioXi. c e_l_XS Pur if led serial i eel 1= were suspended in Tyrode s
a c I u t i a n a t p H 7. 4 tr i t h o u. t g 1 u. c c s e. T h e i a t a 1 1 ac t a. t e
r a n c. e n i r ai i c n was i rnM 3.n d c a n t 3. i n 0 d 0 ,125 uC i of r 3 d i o 3 c i i v 0
Gossypoi Concentration C iVS 3
D. lifect of Gobs vjDo_l_ on lit oyylzClggosjp Ugt. al e by Se r t oil
Cells:
The e -f -f e c t -F q d s s y p 1 on dec x y- D- g 1 u. cose u. pta k e b y sertol i
cells is q i ven i ri -f i q u. re 4- 3. In t h e a b s e n c e o -f qoss y p 1 a. va 1 u. e
g -f 93,3 pmol,. mq, protai n 30 rn i n.( 9, 3 3 u. nit, one pic rn o 1,=
- 1 O
i 0 M 1 was f ou.nd, 0n 1 y at 10 M gossypo 1 deoxy- g I u.c se u.p t a.ke
w as s h a. r p 1 y r e d u c e d to 5,67 u. n i t s,
E, Effect o_f_ Co s sygol on HyUgldyne UP-lil-kit by Sertoff Ceffs l
The e t -f e c t o -f gossypol on u. r i d i n e u. pta. k e -P r o m 1 0 M t o 1 0
M go s s y p o 1 a. s s h o w n in -f i g u. r e 4- 4„ T h e c o n trol v a. I u. e w a s 3. 4 X
-12 -4 - 1 2
1 0 rn o 1 rn g. p r o t e i n f 1 0 h o u r. A t 1 0 M g o s s y p o 1 3. 3 X 1 0
rn o 1 rn g. protei n 1 0 h o u r s r e rn a i n e d i n dicat i n g n o s i g n i i i c a n t
inhibition wa s -fau.nd.
F. EHecl of Cos syp ol on Lactate d_u c yyo _n by Sertoff Ceffs:
Fig u. re 4-5 s h o ws the e -f i e c t o -f qoss y pal o n 1 a c t a. t e
p rod u c t i n b y Sertoli cells in c u. 1 t u re. T h e c o n t r o I w a s -f o u. n d t o
be 1,68 u m o 1 1 a c t a t e orod u. c e d rn q, o r o t e in d a v. A t 1 0 M
gossypol t he va. 1 u.e was r educed t o 1.32 u.rno 1 rnq. protei n d ay
a n d i n h i b i t i o n w as 1 i n e a r is1 i t h i n creas i n g q o s s y p o 1
concent rat i o n s. At 10 M g o s s y pel on 1 y 0, 8 6 u. rn o 1 1 a. c t a t e i; a s
p r o d u. ced per rn g. p r o t e i r; p e r d a y,
Figure 4-3, E£f.ect. of 39= 5vnQ]_ on deoxv-D-qlucose uptake
ser c e]_]_s, Pu.r i f i e d s e r to 1 i cells w e r e s u. s p e n d e d i n
T y r a d© 7 s s o 1 u. t o n a t p hi. 4 w i t h 1 ac t a. t© orn i 1t© d. T h© -f i n a I
c n c© n t r a t i c n -f dec x y•- q 1 u c o s s© w a. s 1 rn M a n d c o n t a i n© d 0. 02 u. C i




















































Gossypol Concentration C iVi 3
oFigure 4-4, iii§ct of 32S5vdo]_ on H-u.r idine incorporat ion
by cej_]_s _i.lL culture. The i ncubs.t ion medium contained
D u. 1 b e coo7 s m od i f i e d m e d i u m( D M E M) s u. Dole m e n ted with oenici 1 1 ini t i
b. n d a t r e p t c rn y c in. T h e eel Is w e r e t r e a. t e d w i t h F S H (0.1 U rn .1
rn e d i u. rn) t w o d a. y s b e -f o r e t h e e x p e r i rn e n t. T h e c o n c e n t r a. t i o n o-f H-
u r- i d i ne was 0. 004 rnM w i th an ac t i v i ty o-f 0. 1 u.C i m 3.. A-f ten the
a. d d i t i c n o c M- u r i d i n e, t h e s e r t a 1 i c e 1 1 s w e r e c u. 1 t u. r e d a t 3 1 C
~ or 10 rn- r[- qij. r s b0 -f o r e t h e amoli n t o-f u. r i d n e i n c o r pa r a t e d wa.5
A f•}-•?}-« p~i H
Gossy p ol Go n s e n u r o c i o ii
Fiau.!-0- 5, o£ gossypo 1 on j_ac.ta.te p roduc t i on
ser t.o£j_ ce j_j_s. Sertoli cell s wer e i ncubat ed w i t h or w i t hou t
gossypo 1 tor two days be-fere the amount of lactate in the culture
o
m e d i u. n w a s d e t e r rn 1 n e d, R e a. ct in n w a. s c a r r 1 s d o u. t at 20 C i n
h y d-- a c i f e g 1 y c i n e b u -f f e r a t p H 9. 0, L D H w a. s u s e d w i t h N A B a. s t h e
sec n n d sixb c t r a. t-•. Th s c: hi an qs i n abso r ba.n c e a t 34G nrn w a.s
rnor i n t or ed u i t. h a Va.r i a.n C ar v 210 sonc t nod hi o t ome t er,:
Gossypo! Concentration C Wl 3
G. Ef_f_ec j: of Gossvjdol Pill Ejc°iiy.c j: j_on kil Ser.ta_l.j_ CeJ_J_s j_n
CuIIure;
0.214 n rn ol c AMP in as prod u. c e d rn g. protein 2 4 hi a u. r b y
Sertoli cells in c u. 1 t u. r e( F i q u. r s 4- 6). T h e r e in a. s n o inhibitio n
detected at as !'i i a h as 1 0 M q o s s y do',
I V. DISC Li SSIQNS I
W hi le ot hi e r proc e s s e s of se r toll cells a r e i n s e n s i t i v e t o
qossypol, t h e res p. i r a. t i o n( i n t e r rn s a f o x y g e n c o n s u. rn p t i o n) a n d
1 act a. t e p r o d u ctio n a. r e i n h i b i t e d b y r e 1 at i v e 1 y Id in g o s s y p o 1
conc©r. t r a.t i ons( f i qu.r es 4- 1 and 4-5). Th© ef f ec t of gossypel on
Sertoli c e 1 1 r a s p i ration d e p e n d s v e r y rn u. c h n h o in the cells a. r e
p r e p a red. In Sertoli cell -ge r rn cell a g g r e g a tes, i n h ibition 1 n
c e 1 1 u. 1 a. r r e s i r a. t i o n e x: h i b i t s t in o t v oes o f k i n etics, a. s h a r o o n e: .1 .'I
-13- 1 1
a. t 10 M to 10 M gossypol, a n d a rn i 1 d o n e a. t h i g h e r t h a n
1 0 M go ssypa 1. Whi 1e in t he purified s er toll ceils the
inhibitive effect seemed to be leveled and can be considered
insign i f i can t at gossypo 1 co ncent r a.t i ons abo ve 1 0 M( f i g. 4-
.1). the in hibitive e f f ec t o f g o ssy pel on the Sertoli eel 1-germ
eel 1 aggregates seems to be due to the effect of gossypol on the
germ cells alone. As t h e c u 1 t u. r e in a. s rn a i n t a. i n e d 1 o n g e r, t in o
in e e k s. t h e q e r rn cell c o n t a rn i n a. n t in a s ope r a t i o n a. 1 1 y r e rn o v e d, so
t h at o r 1 v u. r e ser to I i cell s r e rn a i n 9 d. F r n rn 1 h r e s e n t r e s 11 1 t it
is e v i d e n t t h a t o• y q o n c o n s u.m p t i o n o f t he Sertoli cells is less
s u s c apt i b 1 0 t o g o a s y p o 1 i n h i b i t i o n a n d t h a. t t h e g e r rn cells a. r e
Figure 4-6, sc t. q-P 32§= y p o!_ cn c AMP cone ®j2_t r.atqjn _i_n
S£ili2li ££iJL~i ill £34,1.tur,e. c AMP was assayed by employing cAMP
d© p e n d e n t p r o t© i n k i n a s e a. n d p r o t e i n I., i n as© i n h i b i t or-, T h e
i n cu.ba. t i on m i t u. r© consisted o f 0,1 rn 1 e ac h o+ H~ c AMP (1.31
orno 1. 0=03 u.Gil. o r o t e i n k i n ase, r o t e i n k i n as© i n h i b i t i o r an d
t h e G euhp 1 0 t 0 b 0 0.0 0 3.;• e d i n 0. i v. 1 rn i c; r 0 0 e- r? 1 r- 1 -f y. q e t u,b 0=
bossypo! O o n o e n tb p a t; -3 o n£ gyi 3
more severe1y in h i b 11ed at o o nc e n tra tins as 1ow a a 10
qoss v DDL
The di-ff erencs of t he t wo cell t ypes t owar d s gossypol
inhibition is probab!y d ue to the presence at L D H-X, as LDH~ X
accounts -for more than 90% c-f totoal LDH activity in the germ
cei Is (Zinkham et a J_., 1963? 1964) It is an indirect result
s h o w i nq t h a t LDH- X i s rn o r e s u sceptibl e to qoss y p o 1 inhibition
than LDH i s o z y m e s f o u. n d i n n e i g h b o u r i n g s e r toll cells. W h e t h e r
t h e cell attach m e n t h as so rn e t h i n g to d o w i t h t h e sensitivi t y o -f
t he Sertoli cell to gossypol i n h i b i t i o n o r r o t is at c o u. rse a n
ope n q u estio n. See m i n g 1 y, this s h o u Id be a less con t r i b u. t i n g
factor as the Sertoli cells grown in tissue culture was
essential 1 y h sal t h as j u d g e d t r om its o t h e r -f u n ct inns tested i n
t h e s am e s t u. d y( s u b s t r a t e u p t a k e, etc.) a n d sho u Id be e x pec ted t o
ref! act t h e r e a. 1 s u sceptibl 1 i ty o-f the Sertoli cells to qoss y pel.
T h a. t t h e o t h© r cell u. 1 a r processes in s e r toll cell s w e r e n o t
s e v e r e 1 y affected b y g o s s ypo 1 implies that the process o f
met abo I ite uotake and cellu1 ar resoonse to hormones ia not
hind e r e d b y gossypol.
The lactate produ.c t i on iwas sens i t i ve 1 y i n h i b i ted by gossypo 1
a t 1 o w e r t h an 10 M g ossypol. This -finding is c o n s i s t e n t w i t hi
t h e h i gh sens i t i v i t y a f LDH- X reflected e a r lie r( T s o a n d L e e
19S2f). The p hyBiological sig nifica nc e as 1 a ctate p ro duc e d b y
Sertoli cells h a s bee n Propo s e d to b e es s e ntia 1 fo r the s urviva 1
of developing g e r m cells (J u tte e t a. 1., 1 9 8 1 I 1982). It is
concei v ab 1 e t hi at me t a. b o 1 i c a c t i v i t i e s of t h e g erm cells w o u Id be
s e v e r- 0 1 y 1) i ndered b y s u c hi a. reductio n i n e n e r q y s u Dpi y.
The prese n t re s u. Its f u r t hi e- r s u p p o r t the find i n g t hi at ge r rn
ee I Is a r 0 t h 0 rn est v u 1 u n 0 r a b 1 0 t o 0 o s s v p o 1 i n h i b 1 t 1 o n. This
effect. is d s r i v 0 d f r orn 3. n 1 n h i b 1 t i n 0 -f t h 0 r esp 1 r at o r y proce s s
0 -f t h 0 g 0 r m c 0 I 1 s as w 0 11 as t h r 0 u. g h a. r e d u. ced p r o d u. ctio n o f
1 aetata by t ha Sertoli eel Is. Wh0 t h0r one or hot h o-f t he a.bo v0
i n h i b i t i 0 n 1 0 d t o a. rn a. 1 f u. n ctio n i n s d e r mat o q 0 n e s i s 1 s u. r 1 k ri o w n.
Mec h a. n i s t i e a 1 1 y, t h 0 re is a poss i b i 1 i t y t h a t t h 0 p r pees s
( r esp i rat i on) a r t h e m a. c h i n e r y( L D hi- X e n 2 y rn e) is b e ing i n h 1 b i t e d
t hr ou.qh d i r ect -f u.n ctio na. 1 i n 10 r a.c t i an w 1 t h t h0 h 1 q h 1 y ac t i v0
goss y p o .1 rn alee u. 1 0. A n a. 1 t 0 r n a t i v e t h a. t a. r 0 q u. 1 a. t 1 n q s y s 10 rn s u. c h
a s pos 11 r a n s 1 a t i o n a. 1 n 01 h y 1 a t: o n, is b e i n q i n h i b i ted a s a. r 0 s u 1 t
a f g a s s y p o 1 t r 0 a t m e n t rn a y a 1 s a b 0 c o n s 1 d 0 r e d. I t t a k e s -f u r t h e r
s t u d i e s t o g c t o t h 0 i n s i q h t o -f t h 0 i n h i b i t i o n rn e c h a. n i s rn
charier five
CONCLUSIONS
The ef-f 9ct o-f gas s y pal a n t h r e e sepa r a. t e s y sterns h a. v e bee n
t. e s t e d, The y a. r e, n arn e 1 y, L D H- X e n z y rn e act ivi t y, p r t e i n
a a,r box y 1 rne t h y1 a. t i on s y stem a.nd the Sertoli cells.
L D H- X a -f r a t a n d rn o u. s e w e r e bo t h inhibited b y gassy pal b u. t
at different e x t e n t. W h i 1 e the M A P c a. p ac i t y -f rat test i s
homcgenate and rat spermatozoa as well as the PME activity o-f rat
testis homogenate were all inhibited by gossypo 1, the activity o-f
one o-f the PCM c h a r g e i s rn e r s -fro rn r a t t est i s w a s e 1 e v a t© d. T h e
Sertoli cells wer e f o u nd to be r e1 ative1y insenitive to gossypol
effect. Their respiratio n a n d 1 actat e p rod u. c t i n w e r e h o w e v e r,
altered i n the presence o-f a ass y p 1.
The contracept ive effect o-f gossypol apparently may involve
a n i n h i b i t i v e action n t h e e n e r g y p r o d u. c i ng p r ocesses. Bo t h L B H-
X, p u. rifled -f r o rn testis a. n d 1 a c t a t e p r o d u. c t i n f r o rn t h e s e r t o 1 i
c s 1 1 s a s w ell as t h e p r oce s s o f r esp i r at io n o-f the ge r m cell
Sertoli cell a g g r e g a t e- s w e r e v e r y s u. seep t i b 1 e to qoss y p o 1
inhibition. It is possible that the culroinative effect o f
gossypol on all these energy producing systems generates an
e n e r g y depriving condi t i o n h a rn p e r e d s p e r m ato genesis. Alt h o u q h t h e
Sertoli cells were -f o u. nd to be i n sensitive to gosssypol as -f a r a s
cell u. 1 ar u.p t a.Le o-f metabol i t es i s concer n ed, t he p r odu.o t i on cf
lactate was -found to be inhibited by gossypol. The sertol i eel is
are known to secrete other factors such as plasminogen activator-
CPA) and a ndroge n b i n d i n g p r otei n (APR) i n t o t h e 1 u. rn en of
serninif e r o u s t u. b u. 1 e s i n r e s p o n s e to F 3 H s t i rn u. 1 at id n i n a d s e
response manner (Davis, 1981; Steinberger et a J.., 1975; Fritz et
aj_., 18 75; Fritz et a_l_., 1976; Lacroik et a J_., 1977). The factors
secreted b y Sertoli cells a. r e s u. g g e s t e d to t a. k e part i n t h e
r e q u. 1 at i on of m a n y processes i n c 1 u. d i n g the c o n c e n t r at i o n o f
an drogen in t he lumen (Davis, 1931), T he ef f ect o f g o s s yp o1 o n
the amount of such factors secreted by the Sertoli cells may be
wo r t hy of kn owinq.
As ma.ny r esponses f r om the Sertoli cell s a.r e i nd u.ced by F:3H
and T S H( H u. s to n, 1973; H u st on and Stacco, 1931), w h e t h e r g o ssypo 1
i n f 1 u e n c e s t h e process o 1 h o r rn o n e b i n d i n q t a s e t-tol i c e lis is a n
i n terest i n g topic. The Sertoli cells a. r e a rn e d i a. t o r o f t h e g r o w t h
a n d d e v slop m e n t o f germ cell w h i c h is i t s e 1 -f r e g u. 1 at ed b y t h e
reproductive hormones. How gossypol affects the Sertoli cells in
b o t h t e s i g n a 1 i n p u t( h o r m one bin d i n g) a n d t h e o u. t p u t( lac t a t e
secretion, A B P and P A sec r et i on, etc.) rn i q h t a d d rn o r e i n f o r m a t i o n
to the u n d e r s t a n d i n g of e n e r g y s u p p 1 y in s p e r rn a to genesis. It has
been reported t ha t germ cells a dhere specifica1 1y t o t he Sertoli
cells and t h e adhesin is dependent an the differ en tiative stage
of the germ cells (Zipe.ro et aj_., 1930). Although the detailed
effects of qoss y pol o n t h e g r o w t h a n d development of g e r rn c e 1 1 s
are still lacking, it is possible for future survey to look into
t h e n a. t u r e of qoss y pel o n t h e s u r face reco g ri i t i o n b e t w e e n t h e
Sertoli cells and g e r rn cells. On t h e oth e r h a n d, t h e
inferti 1 it y action of g s s y pol rn a. y d u. e to its alt e r a t i cs n o f t h e
protei n c a r b o y 1 rn e t h y 1 a t i o n s y s t e rn which is i rn p o r t a n t i n
r e g u 1 a. t i n q d e v e 1 o p m e n t a 1 cell u. 1 a. r processes. In r a t, t h e p r e s e n c e
o f q o s s• pol res u. 1 ted a n e-1 i n c r eas e i n pi- o t e i n c a r b o x y 1
met h y 1 at i o n. As it i s k n o w n t h a t rn e t hy 1 a ted p r oteins be h a v e
d i f -f e r 0 n t 1 y, it im possible t hi a t t h 0 c h a n g 0 i n t h 0 rn e t h ylatio n
state rnay 1 ea.d t o an u. nbe.l a.nced p r od u.c t i on o-f som0 0n z vrn0s( no t
e x c 1 u. d i n g o n© t In a. t i n v 1 v e s 1 n q 0 n e r a. ting e n e r q y -for t h 0
dev0 1 oprne n t a. 1 process) w h i c h 1 n t u. r n hind 0 r s sp -a r rn a. t o g e n ©sis. I n
t h 0 rn c u. s 0 te s t i s, h o w eve r, t h 0 p r 0 s e nee of gossypo 1 led to a.
r eduction in orotein c a r b o x v 1 rn 01 h v latio n. 7 h is d i -f -f e r 0 n c 0 i n
their response to qoss y p o 1 m 0'. y p r o v i d e a c 1 u e t o 0 x p 1 a i n t h e
s g e c i e s d if tere n c 0 i n u. s i n g g o s s y p o 1 as c o n t r a captive a. q 0 n t.
! h e f u t u. r 0 1 a. n o -f this s t u d v s h o u. 1 d a. i rn a t t h 0 s 0 p a r a t i o n
a. n d i d© n t i -f i cat i o n -f t h 0 M A P m o 1 0- c u. lea. S p e c i a 1 a 11 e n t i n s h o u. 1 d
a. '1 so be g i v0n t o look i n t o t he d i -f 1- er 0 n t i a 1 1 y rn01 hy lated p r aduc t
as it may be a. critical component that leads to successive steps
r e su1tinq in intertillty«
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